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9LWHOORJHQLQV DUH SUHFXUVRUV RI WKH \RON SURWHLQV
ZKLFK DUH SKRVSKRJO\FROLSRSURWHLQV XWLOL]HG LQ
RYLSDURXV DQLPDOV WR SURYLGH QXWULWLRQ IRU WKH
GHYHORSLQJ HPEU\R 9LWHOORJHQLQV RI PDQ\
DQLPDOV KDYH PXOWLSOH YLWHOORJHQLQ JHQHV
LQFOXGLQJ WKH IURJ Xenopus laevis *HUPRQG HW
DO  WKH FKLFNHQ Gallus gallus WKH
QHPDWRGH Caenorhabditis elegans 6SLHWK HW DO
 DQG VHYHUDO LQVHFWV LQFOXGLQJ Drosophila
melanogaster :DKOL  DQG Aedes aegypti
+DPEOLQ HW DO  7KH JHQH GXSOLFDWLRQ
HYHQWV WKDW JDYH ULVH WR WKHVH JHQH IDPLOLHV DUH QRW
ZHOO XQGHUVWRRG 'XSOLFDWHG JHQHV FRXOG HYROYH
LQWR SVHXGRJHQHV RU LQWR QHZ JHQHV ZLWK QRYHO
IXQFWLRQV DV D FRQVHTXHQFH RI UHOD[DWLRQ RI
IXQFWLRQDO FRQVWUDLQWV 6KLPHOG  .UDNDXHU
DQG 1RZDN  3VHXGRJHQHV HQFRGLQJ
QRQIXQFWLRQDO YLWHOORJHQLQ KDYH EHHQ LVRODWHG
IURP G. gallus 6LOYD HW DO  C. elegans
6SLHWK HW DO  DQG WKH VKULPS Metapenaeus
ensis 7VDQJ HW DO  7KH HQWLUH RSHQUHDGLQJ
IUDPHV RI YLWHOORJHQLQ JHQH VHTXHQFHV LQ LQVHFWV
KDYH EHHQ GRFXPHQWHG LQ 'LFW\RSWHUD Blatella
germanica 0DUWLQ HW DO  Leucophaea
maderae, 7XIDLO DQG 7DNHGD  Periplaneta
americana 7XIDLO HW DO  +HPLSWHUD
(Plautia stali,/HH HW DO  Riptortus clavatus,
+LUDL  /HSLGRSWHUD Bombyx mori <DQR HW
DO  Lymantria dispar $GDPF]\N HW DO
 &ROHRSWHUD Anthonomus grandis, 7UHZLWW
HW DO  +\PHQRSWHUD Apis mellifera,
3LXODFKV HW DO  Athalia rosae .DJH\DPD HW
DO  Pimpla nipponica 1RVH HW DO  DQG
'LSWHUD Ae. aegypti &KHQ HW DO  5RPDQV HW
DO Anopheles gambiae +ROWHWDO
&RPSDUDWLYH VHTXHQFH DQDO\VHV RI YLWHOORJHQLQ
JHQHV IURP WD[RQRPLFDOO\ GLYHUVH RUJDQLVPV KDYH
VXJJHVWHG WKDW YHUWHEUDWH DQG LQYHUWHEUDWH
YLWHOORJHQLQV VKDUH D FRPPRQ DQFHVWU\ IRU VHYHUDO
UHDVRQV )LUVW WKH SRVLWLRQV RI VRPH RI WKH
F\VWHLQHV LQ WKH SULPDU\ VWUXFWXUH RI YLWHOORJHQLQV
DUH KLJKO\ FRQVHUYHG HVSHFLDOO\ DW WKH &WHUPLQDO
UHJLRQ 7UHZLWW HW DO  +DJHGRUQ HW DO 
6DSSLQJWRQ DQG 5DLNKHO  7KH FRQVHUYHG
SRVLWLRQV RI F\VWHLQHV DUH OLNHO\ LQYROYHG LQ WKH
IRUPDWLRQ RI D FRPSOH[ WHUWLDU\ VWUXFWXUH RI
YLWHOORJHQLQV 7KH WHUWLDU\ VWUXFWXUH RI /DPSUH\
YLWHOORJHQLQ KDV EHHQ GHWHUPLQHG E\ ;UD\
FU\VWDOORJUDSK\ 5DDJ HW DO  7KRPSVRQ DQG
%DQDV]DN  6HFRQG WKH SRVLWLRQ RI VRPH
LQWURQV LQ YHUWHEUDWH DQG LQYHUWHEUDWH YLWHOORJHQLQ
QXFOHRWLGH VHTXHQFHV DUH ZHOO FRQVHUYHG 1DUGHOOL
HWDO 7UHZLWWHWDO +DJHGRUQHWDO
 7KLUG DOWKRXJK VHTXHQFH DQDO\VLV KDV
UHYHDOHG H[WHQVLYH VHTXHQFH GLYHUJHQFH EHWZHHQ
YLWHOORJHQLQV RI DOO RUJDQLVPV WKH H[LVWHQFH RI
VRPH OLPLWHG FRQVHUYHG UHJLRQV VXJJHVW WKDW WKH\
DUH UHODWHG :DKOL  %\UQH  +DJHGRUQ HW
DO  6DSSLQJWRQ DQG 5DLNKHO  +RZHYHU
PDQ\ DPLQR DFLG VXEVWLWXWLRQV ZHUH IRXQG WR EH
FRQVHUYHG FKDQJHV LQ WKH SK\VLFDO DQG FKHPLFDO
SURSHUWLHV RI WKH DPLQR DFLGV LPSO\LQJ WKDW WKH
RYHUDOO WHUWLDU\ VWUXFWXUH RI YHUWHEUDWH DQG
LQYHUWHEUDWH YLWHOORJHQLQ JHQHV DUH KLJKO\
FRQVWUDLQHG DQG FRQVHUYHG 7UHZLWW HW DO 
+DJHGRUQ HW DO  )RXUWK SRO\VHULQH UHJLRQV
DUH SUHVHQW LQ PDQ\ YHUWHEUDWH DQG LQYHUWHEUDWH
RUJDQLVPV 5RPDQV HW DO  +DJHGRUQ HW DO
 6DSSLQJWRQ DQG 5DLNKHO  7DNHQ
WRJHWKHU WKLV HYLGHQFH VXJJHVWV WKDW YHUWHEUDWH
DQG LQYHUWHEUDWH YLWHOORJHQLQV VKDUH D FRPPRQ
DQFHVWU\
7KH UHJXODWLRQ RI H[SUHVVLRQ RI KLJKO\ H[SUHVVHG
SURWHLQV VRPHWLPHV LQYROYHV WKH XVH RI VSHFLILF
V\QRQ\PRXV FRGRQV :KHQ QXPHURXV JHQH
VHTXHQFHV LQ E. coli DQG Saccharomyces
cerevisiae ZHUH DQDO\]HG D SURQRXQFHG ELDV LQ
SDWWHUQV RI V\QRQ\PRXV FRGRQ XVDJH ZDV
REVHUYHG HVSHFLDOO\ LQ KLJKO\ H[SUHVVHG JHQHV
ZKHUH PDQ\ DPLQR DFLG UHVLGXHV DUH VHOHFWLYHO\
FRGHG E\ D VLQJOH SUHIHUHQWLDO V\QRQ\PRXV FRGRQ
.XUODQG  ,NHPXUD  7KH FRUUHVSRQGLQJ
LVRDFFHSWLQJ W51$V RI SUHIHUHQWLDOO\ XVHG
V\QRQ\PRXV FRGRQV LQ KLJKO\ H[SUHVVHG JHQHV
ZHUH DOVR IRXQG WR EH YHU\ DEXQGDQW FRPSDUHG WR
UDUHO\ XVHG V\QRQ\PRXV FRGRQV 7KH DEXQGDQFH
RI HDFK LVRDFFHSWLQJ W51$ GLIIHUV VLJQLILFDQWO\ LQ
E. coli *RX\ DQG *DXWLHU  ,NHPXUD 
DQG D. melanogaster 0RUL\DPD DQG 3RZHOO
 3RZHOO DQG 0RUL\DPD  7KH
DEXQGDQFH RI W51$ LVRDFFHSWLQJ VSHFLHV FDQ EH
GLIIHUHQW LQ GLIIHUHQW WLVVXHV LQ HXNDU\RWHV DQG FDQ
EH UHJXODWHG GLIIHUHQWLDOO\ LQ UHVSRQVH WR
GHYHORSPHQWDO DQG SK\VLRORJLFDO SURFHVVHV LQ
EDFWHULD (PLOVVRQ DQG .XUODQG  LQ SODQWV
6UHHQDJHVK DQG -D\DEDVNDUDQ  LQ
DUWKURSRGV &KHYDOOLHU DQG *DUHO  &DQGHODV
HW DO  DQG LQ KXPDQV .DQGXF HW DO 
7KXV DV D JHQHUDO UXOH LQ ERWK SURNDU\RWHV DQG
HXNDU\RWHV KLJKO\ H[SUHVVHG SURWHLQV WHQG WR EH
VHOHFWHG IRU SUHIHUHQWLDO XVDJH RI RSWLPDO
V\QRQ\PRXV FRGRQV IRU WUDQVODWLRQDO HIILFLHQF\
DQGRUDFFXUDF\
,Q WKLV VWXG\ WKH HQWLUH FRGLQJ UHJLRQ RI WKH
YLWHOORJHQLQ JHQHV IURP WKUHH DQDXWRJHQRXV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9ROXPH_$UWLFOH PRVTXLWRHV Ae. aegypti, Culex quinquefasciatus
DQG Anopheles albimanus DQG WZR DXWRJHQRXV
PRVTXLWRHV Ochlerotatus atropalpus DQG
Toxyrhynchites amboinensis DQG VHYHUDO SDUWLDO
YLWHOORJHQLQ FRGLQJ VHTXHQFHV IURP WKUHH RWKHU
DQDXWRJHQRXV PRVTXLWRHV Aedes polynesiensis
Aedes albopictus DQG Ochlerotatus triseriatus
ZHUH FORQHG DQG VHTXHQFHG WR JDLQ D EHWWHU
XQGHUVWDQGLQJ RI  YLWHOORJHQLQ JHQH GXSOLFDWLRQ
HYHQWV ZLWKLQ WKH PRVTXLWR OLQHDJH  DPLQR DFLG
FRPSRVLWLRQ DQG  WKH GHJUHH RI










Aedes aegypti $QDXWRJHQRXV 9J$  5RPDQVHWDO
9J%  7KLVVWXG\
9J&  7KLVVWXG\
Aedes polynesiensis $QDXWRJHQRXV 9J$  7KLVVWXG\
9J%  7KLVVWXG\
9J&  7KLVVWXG\
Aedes albopictus $QDXWRJHQRXV 9J$  7KLVVWXG\
9J&  7KLVVWXG\
6XEJHQXV Ochlerotatus
Ochlerotatus atropalpus $XWRJHQRXV 9J%  7KLVVWXG\
9J&  7KLVVWXG\
6XEJHQXV Protomacleaya

















0RVTXLWRHV XVHG LQ WKLV VWXG\ ZHUH VHOHFWHG EDVHG
RQ WD[RQRPLF UHODWLRQVKLSV UHSUHVHQWLQJ DOO WKUHH
PRVTXLWR VXEIDPLOLHV ZLWK GLIIHUHQW UHSURGXFWLYH
VWUDWHJLHV LH DXWRJHQRXV DQG DQDXWRJHQRXV
UHSURGXFWLRQ 7KH WD[RQRPLF FODVVLILFDWLRQ DQG
UHSURGXFWLYH VWUDWHJLHV RI WKH PRVTXLWRHV VWXGLHG
DUH VKRZQ LQ 7DEOH  5HLQKDUW HW DO  KDYH
GHVFULEHG D UHYLVLRQ RI WKH WULEH $HGLQL DQG
UHQDPHG VRPH PHPEHUV RI WKH JHQXV Aedes; Ae.
aegypti WR Stegomyia aegypti, DQG Ae. albopictus




Genomic DNA library construction
*HQRPLF '1$ ZDV LVRODWHG IURP RQH
DQDXWRJHQRXV PRVTXLWR VSHFLHV Cx.
quinquefasciatus NLQGO\ SURYLGHG E\ - &KDQH\ DW
WKH 8QLYHUVLW\ RI &DOLIRUQLD 5LYHUVLGH DQG WZR
DXWRJHQRXV PRVTXLWR VSHFLHV Oc. atropalpus DQG
Tx. amboinensis WKDW ZHUH NLQGO\ SURYLGHG E\ '
:KHHOHU DW WKH 8QLYHUVLW\ RI $UL]RQD 7XFVRQ
$UL]RQD DQG ) 0DKPRRG DW 5XWJHUV 8QLYHUVLW\
1HZ %UXQVZLFN 1HZ -HUVH\ UHVSHFWLYHO\ )UHVK
RU DOFRKRO SUHVHUYHG PRVTXLWRHV ZHUH XVHG WR
LVRODWH JHQRPLF '1$ 6DPEURRN HW DO  7KH
KLJK PROHFXODU ZHLJKW JHQRPLF '1$ ZDV
VXEMHFWHG WR SDUWLDO GLJHVWLRQ ZLWK Sau$, 7KH
SDUWLDOO\ GLJHVWHG JHQRPLF '1$ ZDV VHSDUDWHG
HLWKHU RQ D VSKDURVH JUDGLHQW RU ORZ PHOWLQJ SRLQW
DJDURVH JHOV IURP ZKLFK EDQGV EHWZHHQ  DQG
 NE ZHUH H[FLVHG DQG SXULILHG XVLQJ *(/DVH
(SLFHQWUH 7HFKQRORJLHV
KWWSZZZHSLFHQWUHFRPPDLQDVS 7KH
SXULILHG JHQRPLF '1$ ZDV OLJDWHG XVLQJ D Bam+,
SUHGLJHVWHG ƪ =DS([SUHVV YHFWRU DQG SDFNDJHG
XVLQJ *LJDSDFN ,,, *ROG 3DFNDJLQJ ([WUDFW IURP
6WUDWDJHQH KWWSZZZVWUDWDJHQHFRP $OO
WKUHH XQDPSOLILHG OLEUDULHV KDG a ;  SODTXH
IRUPLQJ XQLWV *HQRPLF '1$ OLEUDULHV IURP Ae.
aegypti FRQVWUXFWHG LQ /DPEGD 'DVK ,, YHFWRU
IURP An. albimanus FRQVWUXFWHG LQ /DPEGD
(0%/  YHFWRU DQG IURP Ae. polynesiensis Ae.
albopictus DQG Oc. triseriatus FRQVWUXFWHG LQ D ƪ
=DS([SUHVV YHFWRU ZHUH SURYLGHG E\ $ $ -DPHV
8QLYHUVLW\ RI &DOLIRUQLD ,UYLQH 0 .LGZHOO
8QLYHUVLW\ RI $UL]RQD 7XFVRQ $UL]RQD DQG 5
1XVVHQ]YHLJ 8QLYHUVLW\ RI $UL]RQD 7XFVRQ
$UL]RQDUHVSHFWLYHO\
Screening genomic DNA libraries
7KH Ae. aegypti JHQRPLF '1$ OLEUDU\ ZDV SUREHG
XVLQJ '1$ SUREHV FRQWDLQLQJ FRQVHUYHG
YLWHOORJHQLQ FRGLQJ VHTXHQFHV +DJHGRUQ HW DO
 9J$ QXFOHRWLGHV  *HQ%DQN
DFFHVVLRQ  / 5RPDQV HW DO  ODEHOHG
ZLWK GLJR[LJHQLQG873 XVLQJ WKH UDQGRP
SULPLQJ PHWKRG 5RFKH 0ROHFXODU %LRFKHPLFDOV
ZZZURFKHFRP $SSUR[LPDWHO\
± SODTXHV ZHUH VFUHHQHG Ae.
aegypti 9J% DQG 9J& '1$ SUREHV ZHUH FKRVHQ
WR FRQWDLQ WKH FRQVHUYHG UHJLRQ RI YLWHOORJHQLQ
JHQHV GHVFULEHG DERYH WKDW ZHUH WKHQ XVHG WR
SUREH WKH Oc. atropalpus Cx. quinquefaciatus
Tx. amboinensis DQG An. albimanus '1$
OLEUDULHV $SSUR[LPDWHO\ ±
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9ROXPH_$UWLFOH SODTXHV ZHUH VFUHHQHG $SSUR[LPDWHO\
± SODTXHV ZHUH VFUHHQHG IRU WKH
Ae. polynesiensis Ae. albopictus DQG Oc.
triseriatus OLEUDULHV *HQRPLF '1$ OLEUDULHV ZHUH
FRQVWUXFWHG LQ D /DPEGD 'DVK ,, YHFWRU
6WUDWDJHQH ZZZVWUDWDJHQHFRP NLQGO\
SURYLGHG E\ $ $ -DPHV 8QLYHUVLW\ RI &DOLIRUQLD
,UYLQH 7KH SODTXHV ZHUH WUDQVIHUUHG WR Q\ORQ
PHPEUDQHV 0LFURQ 6HSDUDWLRQV ,QF
ZZZVWUDWDJHQHFRP 7KH PHPEUDQHV ZHUH
GHQDWXUHG QHXWUDOL]HG DQG '1$ FURVVOLQNHG
XVLQJ D 6WUDWDOLQNHU 6WUDWHJHQH +\EULGL]DWLRQ
ZDV SHUIRUPHG RYHUQLJKW DW R& XVLQJ D *HQH
5ROOHU 6DYDQW ,QVWUXPHQWV ,QF
ZZZFRPELFKHPODEFRP 3RVLWLYH SODTXHV ZHUH
GHWHFWHG FRORUPHWULFDOO\ XVLQJ DQWLGLJR[\JHQLQ
FRQMXJDWHG ZLWK DONDOLQH SKRVSKDWDVH ZLWK
QLWUREOXH WHWUD]ROLXP DQG
EURPRFKORURLQGRO\O SKRVSKDWH DV
VXEVWUDWHV $OO SRVLWLYH SODTXHV ZHUH IXUWKHU
VFUHHQHG WR SXULI\ HDFK SRVLWLYH SODTXH 3KDJH
'1$V IRU HDFK SXWDWLYH YLWHOORJHQLQ JHQH FORQHG
ZHUH H[WUDFWHG DQG SXULILHG XVLQJ PHWKRGV
GHVFULEHG E\ 6DPEURRN HW DO  3KDJHV ZHUH
SUHFLSLWDWHG ZLWK 3(*  DQG 1D&O RYHUQLJKW
LQVWHDG RI IRU RQH KRXU 3KDJH '1$V ZHUH
VXEVHTXHQWO\ GLJHVWHG ZLWK UHVWULFWLRQ HQ]\PHV
DQG HOHFWURSKRUHVHG LQ  DJDURVH JHOV LQ 7$(
EXIIHU '1$ IUDJPHQWV HQFRGLQJ YLWHOORJHQLQ
JHQHV ZHUH VXEFORQHG LQWR WKH S%OXHVFULSW 6.
SODVPLG YHFWRU 6WUDWHJHQH DQG SODVPLG '1$V
ZHUH LVRODWHG E\ SODVPLG '1$ 0LQLSUHS
3URPHJD ZZZSURPHJDFRP 7UDQVIRUPDWLRQ
ZDV FDUULHG RXW XVLQJ '+Ơ FRPSHWHQW FHOOV /LIH
7HFKQRORJLHV ,QF ZZZOLIHWHFKFRP $OO
VHTXHQFLQJ ZDV SHUIRUPHG DW WKH 8QLYHUVLW\ RI
$UL]RQD 6HTXHQFLQJ )DFLOLW\ XVLQJ DQ DXWRPDWLF
VHTXHQFHU 0RGHO  $SSOLHG %LRV\VWHPV
DSSOLHGELRV\VWHPVFRP 6HTXHQFHV ZHUH
GHWHUPLQHG IURP ERWK VWUDQGV 6HTXHQFHV ZHUH
GHSRVLWHG LQ *HQ%DQN DFFHVVLRQ QXPEHUV Ae.
aegypti 9J% $< 9J& $< Oc.
atropalpus 9J% $< 9J& $< Ae.
polynesiensis 9J$ $< 9J% $<
9J& $< Ae. albopictus Vg-A1,
$< 9J& $< Oc. triseriatus 9J&
$< Cx. quinquefasciatus 9J&
$< 9J& $< Tx. amboinensis
9J& $<; An. albimanus 9J&
$<
Determination of intron and 3'
untranslated region sequences
3RVLWLRQV RI LQWURQV IRU HDFK YLWHOORJHQLQ JHQH
ZHUH GHWHUPLQHG E\ FRPSDULVRQ RI JHQRPLF DQG
F'1$VHTXHQFHV)DWERG\SUHSDUDWLRQVZKLFK
LQFOXGH WKH DEGRPLQDO HSLGHUPLV KHDUW QHUYH
FRUG DQG DVVRFLDWHG WLVVXHV ZHUH GLVVHFWHG IURP
IHPDOH PRVTXLWRHV  KRXUV DIWHU D EORRG PHDO
DQG ZHUH IUR]HQ LQ OLTXLG QLWURJHQ 7RWDO 51$ ZDV
LVRODWHG XVLQJ WKH JXDQLGLQH WKLRF\DQDWH PHWKRG
DQG DQ 51DLG .LW %,2  ZZZTELRJHQHFRP
DQG VWRUHG DW ïR& XQWLO XVH 7KH SRWHQWLDO
JHQRPLF '1$ FRQWDPLQDWLRQ LQ WRWDO 51$
SUHSDUDWLRQV ZDV GHJUDGHG ZLWK '1DVH, SULRU WR
UHYHUVH WUDQVFULSWLRQ IROORZHG E\ HQ]\PH
GHQDWXUDWLRQ DW R&  ƫJ RI WKH WRWDO 51$ ZDV
VXEMHFWHG WR UHYHUVH WUDQVFULSWLRQ XVLQJ D
XQLYHUVDO SULPHU IRU WKH WKUHH Ae. aegypti
YLWHOORJHQLQ JHQHV DW R& 7DEOH  XVLQJ
6XSHUVFULSW UHYHUVH WUDQVFULSWDVH /LIH
7HFKQRORJLHV ZZZLQYLWURJHQFRP 7KH 51$
WHPSODWH ZDV VXEVHTXHQWO\ UHPRYHG E\ 51DVH +
/LIH 7HFKQRORJLHV 3RO\PHUDVH FKDLQ UHDFWLRQ
3&5 ZDV SHUIRUPHG XVLQJ JHQHVSHFLILF SULPHUV
WKDW ZHUH GHVLJQHG WR IODQN HDFK SRWHQWLDO LQWURQ
7DEOH  7KH 3&5 SURGXFWV ZHUH VHSDUDWHG RQ
DJDURVH JHOV DQG WKH H[SHFWHG EDQGV ZHUH SXULILHG
XVLQJ D 6HSKDJODV %DQG3UHS .LW 3KDUPDFLD
ZZZ3KDUPDFLDFRP 7KH 3&5 SURGXFWV ZHUH
LQVHUWHG LQWR 7$ FORQLQJ YHFWRUV ,QYLWURJHQ
ZZZLQYLWURJHQFRP IROORZLQJ WKH
PDQXIDFWXUH
V LQVWUXFWLRQV DQG SRVLWLYH FORQHV
ZHUHVHTXHQFHG
Table 22OLJRQXFOHRWLGHSULPHUVHTXHQFHVXVHGIRU



















































































-RXUQDORI,QVHFW6FLHQFH9ROXPH_$UWLFOH 5DSLG DPSOLILFDWLRQ RI F'1$ HQGV 
 5$&( ZDV
FDUULHG RXW WR GHWHUPLQH WKH 
 XQWUDQVODWHG
UHJLRQ IRU HDFK YLWHOORJHQLQ JHQH 7RWDO 51$ ZDV
LVRODWHG IURP IHPDOH IDW ERG\  KRXUV DIWHU D
EORRG PHDO DV GHVFULEHG DERYH 7KH ILUVW VWUDQG
F'1$ ZDV V\QWKHVL]HG IURP WKH WRWDO 51$V XVLQJ
DQ 2OLJRG7 FRQWDLQLQJ DQ DGDSWHU SULPHU
7DEOH  3&5 ZDV SHUIRUPHG RQ F'1$ XVLQJ
JHQHVSHFLILF SULPHUV DQG DQ DGDSWHU SULPHU 7KH
3&5SURGXFWVZHUHDQDO\]HGDQGFORQHGDVDERYH
Gene expression pattern in Ae. aegypti by
real-time PCR
5HDOWLPH 573&5 ZDV SHUIRUPHG WR TXDQWLI\
GLIIHUHQFHV LQ YLWHOORJHQLQ JHQH H[SUHVVLRQ LQ Ae.
aegypti DIWHU D EORRG PHDO )DW ERG\ SUHSDUDWLRQV
PLGJXW DQG RYDU\ WLVVXHV ZHUH GLVVHFWHG IURP
XQIHG DQG IHG PRVTXLWRHV DW VSHFLILF WLPHV DIWHU D
EORRG PHDO ,VRODWHG WLVVXHV ZHUH VWRUHG LQ
51$ODWHU $PELRQ ZZZDPELRQFRP DW ï&
XQWLO XVH 7RWDO 51$ ZDV H[WUDFWHG 75,]RO UHDJHQW
,QYLWURJHQ DFFRUGLQJ WR WKH PDQXIDFWXUH¶V
LQVWUXFWLRQV 7RWDO 51$ ZDV DOVR LVRODWHG IURP
ZKROH ODUYDH PDOH DQG IHPDOH SXSDH DQG PDOH
DGXOW 3ULRU WR V\QWKHVL]LQJ F'1$ IURP HDFK
VDPSOH  ƫJ WRWDO 51$ ZDV ILUVW WUHDWHG ZLWK
51DVHIUHH '1DVH, WR HQVXUH FRPSOHWH
GHJUDGDWLRQ RI SRWHQWLDO JHQRPLF '1$
FRQWDPLQDWLRQ IROORZHG E\ WKH DGGLWLRQ RI  P0
('7$ DQG KHDW GHQDWXUDWLRQ RI WKH HQ]\PH
5HYHUVH WUDQVFULSWLRQ ZDV FDUULHG RXW XVLQJ
ROLJRG7 SULPHU DQG UHYHUVH WUDQVFULSWDVH
1(% ZZZQHEFRP LQ D  ƫO UHDFWLRQ YROXPH
DW & IRU  KRXU IROORZHG E\ WHUPLQDWLRQ RI WKH
UHDFWLRQ DW & IRU  PLQ 7KH ILQDO YROXPH RI
F'1$ ZDV LQFUHDVHG WR  ƫO 7R PLQLPL]H
SRWHQWLDO YDULDWLRQ LQ UHYHUVH WUDQVFULSWDVH
HIILFLHQF\ DOO F'1$ V\QWKHVHV ZHUH FDUULHG RXW
VLPXOWDQHRXVO\ 7R GHVLJQ RSWLPL]HG JHQHVSHFLILF
VHQVH DQG DQWLVHQVH ROLJRQXFOHRWLGH SULPHUV
ZLWKRXW SULPHUGLPHU IRUPDWLRQ DQG VHOISULPLQJ
IRUPDWLRQ ZH XVHG 2/,*2 VRIWZDUH YHUVLRQ 
0ROHFXODU %LRORJ\ ,QVLJKWV ZZZROLJRQHW IRU
HDFK YLWHOORJHQLQ JHQH 7DEOH  1XFOHRWLGH
SDLUZLVH FRPSDULVRQ ZDV SHUIRUPHG XVLQJ WKH
*$3 SURJUDP LQ WKH *&* *HQHWLF &RPSXWHU
*URXS ZZZDFFHOU\VFRPSURGXFWVJFJ WR
HQVXUH WKDW WKH SULPHUV DQQHDO H[FOXVLYHO\ WR WKH
'1$ RI VSHFLILF YLWHOORJHQLQ JHQHV
2OLJRQXFOHRWLGH SULPHUV ZHUH FXVWRP PDGH E\
23(521KWWSZZZRSHURQFRP
7KH UHDOWLPH 573&5 ZDV FDUULHG RXW LQ WKH $%,
35,60  6HTXHQFH 'HWHFWLRQ 6\VWHP $SSOLHG
%LRV\VWHPV DFFRUGLQJ WR WKH PDQXIDFWXUHV
LQVWUXFWLRQV LQ D ZHOO PLFURWLWHU SODWH ZLWK D 
ƫO UHDFWLRQ YROXPH FRQWDLQLQJ  ƫO 6<%5 *UHHQ
3&5 0DVWHU 0L[ $SSOLHG %LRV\VWHPV  ƫOR I
HDFK SULPHU VHW  ƫ0 ILQDO FRQFHQWUDWLRQ DQG
 ƫO RI F'1$ WHPSODWHV (DFK VDPSOH ZDV UXQ LQ
WULSOLFDWH 1HJDWLYH FRQWUROV ZLWKRXW WHPSODWH
ZHUH SHUIRUPHG LQ HDFK UXQ 3&5 FRQGLWLRQV
SUHLQFXEDWLRQ ZDV SHUIRUPHG IRU  PLQ DW &
WR GHQDWXUH WKH WDUJHW '1$ DQG DFWLYDWH
$PSOL7DT *ROG '1$ 3RO\PHUDVH '1$ ZDV
DPSOLILHG IRU  F\FOHV RI  VHF DW & DQG  PLQ
DW & 'DWD ZHUH DQDO\]HG E\ $%, VRIWZDUH
9HUVLRQZZZDSSOLHGELRV\VWHPVFRP
Sequence analysis
0XOWLSOH DOLJQPHQW RI SURWHLQ VHTXHQFHV IURP
WUDQVODWLRQ RI QXFOHRWLGH VHTXHQFHV ZDV
SHUIRUPHG XVLQJ 3,/(83 RI *&* :LVFRQVLQ
6RIWZDUH 3DFNDJH YHUVLRQ 81,; DQG
VXEVHTXHQWO\ LPSURYHG E\ H\H XVLQJ 0DF&ODGH
WHVW YHUVLRQ D 0DGGLVRQ DQG 0DGGLVRQ
 3DLUZLVH FRPSDULVRQV ZDV SHUIRUPHG WR
HVWLPDWH VHTXHQFH GLYHUJHQFH RI Ae. aegypti
YLWHOORJHQLQV XVLQJ WKH 3$83
 E SDFNDJH
3K\ORJHQHWLF $QDO\VLV 8VLQJ 3DUVLPRQ\
6ZRIIRUG  7KH H[WHQW RI DPLQR DFLG
VXEVWLWXWLRQV ZHUH FDWHJRUL]HG EDVHG RQ
SK\VLFRFKHPLFDO SURSHUWLHV RI DPLQR DFLGV
*UDQWKDP
$GGLWLRQDO JHQH VHTXHQFHV DQDO\]HG LQ WKLV VWXG\
ZHUH REWDLQHG IURP WKH *HQ%DQN GDWDEDVH
3XWDWLYH ULERVRPDO SURWHLQ JHQHV ZHUH UHWULHYHG
IURP WKH Anopheles gambiae JHQRPH E\ %/$67
VHDUFKHV 7KH HIIHFWLYH QXPEHU RI FRGRQV (1&
ZDV XVHG WR PHDVXUH RYHUDOO V\QRQ\PRXV FRGRQ
XVDJH ELDV :ULJKW  9DOXHV RI (1& FDQ
UDQJH EHWZHHQ  LQ DQ H[WUHPHO\ ELDVHG JHQH
ZKHUH RQO\ RQH FRGRQ LV XVHG IRU HDFK DPLQR DFLG
DQG  ZKHUH DOO V\QRQ\PRXV FRGRQV DUH XVHG
ZLWK WKH VDPH SUREDELOLW\ (1& *& FRQWHQW DQG
*& *& FRQWHQW DW WKH UG SRVLWLRQ RI WKH
V\QRQ\PRXV FRGRQ ZHUH FDOFXODWHG IRU HDFK JHQH
XVLQJ &RGRQ: 3HGHQ  $ Ƶ WHVW RI
KRPRJHQHLW\ RI EDVH IUHTXHQF\ DFURVV WD[D ZDV
SHUIRUPHG XVLQJ WKH 3$83
 E SDFNDJH
6ZRIIRUG  WR GHWHUPLQH WKH OHYHO RI ELDV DW
HDFKFRGRQSRVLWLRQ
Results
Cloning of vitellogenin genes
7KH VFUHHQLQJ RI WKH Ae. aegypti JHQRPLF '1$
OLEUDU\ ZDV FRQGXFWHG DW ORZ VWULQJHQF\ WR FORQH
GLIIHUHQW PHPEHUV RI WKH YLWHOORJHQLQ 9J JHQH
IDPLO\ XVLQJ DQ Ae. aegypti 9J$ '1$ SUREH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9ROXPH_$UWLFOH Figure 1*HQHUDOL]HGJHQRPLFRUJDQL]DWLRQRI Aedes aegypti YLWHOORJHQLQJHQHV7KHQXPEHULQSDUHQWKHVLV
LQGLFDWHVWKHQXPEHURIDPLQRDFLGUHVLGXHV
FRUUHVSRQGLQJWRQXFOHRWLGHV
DFFHVVLRQ  / 5RPDQV HW DO  WKDW
FRQWDLQV WKH PRVW FRQVHUYHG GRPDLQV ZLWKLQ WKH
LQVHFW YLWHOORJHQLQ JHQHV +DJHGRUQ HW DO 
)RXU JHQHV ZHUH SUHYLRXVO\ LVRODWHG IURP DQ Ae.
aegypti JHQRPLF '1$ OLEUDU\ DQG UHVWULFWLRQ
PDSSHG *HPPLOO HW DO  +DPEOLQ HW DO
 %DVHG RQ WKH FRPSDULVRQV RI WKH UHVWULFWLRQ
VLWHV SUHVHQW LQ WKH IRXU YLWHOORJHQLQ JHQHV 9J$
$ % DQG & LVRODWHG LQ WKLV VWXG\ DQG WKH
SUHYLRXVO\ PDSSHG FORQHV WKH VDPH IRXU
YLWHOORJHQLQJHQHVKDGEHHQFORQHG
*HQRPLF OLEUDULHV RI Ae. albopictus, Ae.
polynesiensis, Oc. atropalpus, Oc. triseriatus, Cx.
quinquefasciatus, Tx. amboinensis DQG An.
albimanus ZHUH VXEVHTXHQWO\ VFUHHQHG DW ORZ
VWULQJHQF\ XVLQJ Ae. aegypti 9J% DQG 9J& '1$
SUREHV ZKLFK ZHUH FKRVHQ WR FRQWDLQ WKH
FRQVHUYHG UHJLRQ RI YLWHOORJHQLQ JHQHV
9LWHOORJHQLQ JHQHV FORQHG IURP HDFK VSHFLHV ZHUH
DOVR XVHG WR UHVFUHHQ WKH OLEUDU\ WR FORQH SRVVLEOH
DGGLWLRQDO PHPEHUV RI WKH YLWHOORJHQLQ JHQH
IDPLOLHV 7KH YLWHOORJHQLQ JHQHV VHTXHQFHG IURP
WKHVH PRVTXLWR VSHFLHV ZHUH FODVVLILHG DV
RUWKRORJRXV WR RQH RI WKH PHPEHUV RI YLWHOORJHQLQ
JHQH IDPLO\ LQ Ae. aegypti DV MXGJHG E\ VHTXHQFH
LGHQWLW\ PROHFXODU VLJQDWXUHV VXFK DV LQVHUWLRQ
DQG GHOHWLRQ HYHQWV DQG SK\ORJHQHWLF DQDO\VLV RI
YLWHOORJHQLQJHQHVHTXHQFHV
Structure and sequence of the Ae. aegypti
vitellogenin genes
'1$ VHTXHQFHV LQ SDUW RI WKH FRGLQJ DQG
XSVWUHDP UHJXODWRU\ UHJLRQV RI 9J$ DQG 9J$
RI Ae. aegypti KDG KLJK LGHQWLW\ LQFOXGLQJ WKH
FRGLQJ UHJLRQ  QXFOHRWLGH LGHQWLW\ ZLWK
V\QRQ\PRXV VXEVWLWXWLRQV DQG WKH XSVWUHDP
UHJLRQVXJJHVWLQJWKDWWKHVHWZRJHQHV
DUH DOOHOLF YDULDQWV RU GHULYHG IURP D UHFHQW JHQH
GXSOLFDWLRQ )XUWKHU DQDO\VLV RI 9J$ ZDV QRW
SXUVXHG
)LJXUH  VKRZV WKH JHQHUDOL]HG VWUXFWXUDO
RUJDQL]DWLRQ RI WKH PRVTXLWR YLWHOORJHQLQ JHQHV
7KH LQWURQ DQG H[RQ VWUXFWXUHV RI 9J% DQG 9J&
RI Ae. aegypti ZHUH SUHGLFWHG EDVHG RQ WKHLU
FRQVHQVXV 
 DQG 
 VSOLFH VLWHV DQG E\ FRPSDULVRQ
WR 9J$ F'1$ &KHQ HW DO  7RWDO 51$
LVRODWHG IURP IDW ERG\ SUHSDUDWLRQV RI EORRG IHG
IHPDOHV ZDV VXEMHFWHG WR 573&5 XVLQJ
JHQHVSHFLILF SULPHUV IRU 9J% DQG 9J& 7KH
VHTXHQFHV GHULYHG IURP HDFK 3&5 SURGXFW
HVWDEOLVKHG SUHFLVH LQWURQ VSOLFLQJ VLWHV IRU 9J%
DQG 9J& H[DFWO\ DV KDG EHHQ IRXQG SUHYLRXVO\
IRU 9J$ 5RPDQV HW DO  7KH 

XQWUDQVODWHG UHJLRQ RI 9J% DQG 9J& ZDV
GHWHUPLQHG E\ 
 5$&( $V GHVFULEHG IRU 9J$
9J% DQG 9J& KDG VKRUW 
 XQWUDVODWHG UHJLRQV
 DQG  ES UHVSHFWLYHO\ KDYLQJ QR VHTXHQFH
VLPLODULW\ WR RQH DQRWKHU RU WR 9J$ 7KH
WUDQVFULSWLRQ LQLWLDWLRQ VLWH DQG 
 XQWUDQVODWHG
UHJLRQV IRU 9J% DQG 9J& ZHUH SUHGLFWHG EDVHG





 Vg-A1   
 Vg-B   
 Vg-C   











7KH GHGXFHG DPLQR DFLG VHTXHQFH DOLJQPHQW RI
9J$ 9J% DQG 9J& RI Ae. aegypti LV VKRZQ LQ
)LJXUH  DQG WKH XQFRUUHFWHG SDLUZLVH VHTXHQFH
GLYHUJHQFH RI DPLQR DFLG DQG QXFOHRWLGH
VHTXHQFHV LV SUHVHQWHG LQ 7DEOH  6HTXHQFH
FRPSDULVRQ RI WKH FRGLQJ UHJLRQV RI 9J$ DQG
9J% VKRZHG KLJK LGHQWLW\  DQG  IRU
WKH QXFOHRWLGHV DQG GHGXFHG DPLQR DFLGV
UHVSHFWLYHO\ 5RPDQV HW DO  VKRZHG WKDW WKH
JHQRPLF VHTXHQFH RI 9J$ DQG WKH F'1$
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9ROXPH_$UWLFOH VHTXHQFH RI &KHQ HW DO  VKRZHG QR
VLJQLILFDQW GLIIHUHQFHV H[FHSW WKDW WKH 9J$
VHTXHQFH KDV DQ H[WUD LPSHUIHFW UHSHDW RI DPLQR
DFLG VHTXHQFHV QHDU WKH 1WHUPLQDO UHJLRQ RI WKH
ODUJH VXEXQLW 9J% KDV WZR LPSHUIHFW UHSHDWV RI
WKLV VHTXHQFH 6HTXHQFH FRPSDULVRQV EHWZHHQ
9J& DQG RWKHU PHPEHUV RI WKH YLWHOORJHQLQ JHQH
IDPLO\ VKRZHG WKDW 9J& LV PRUH GLIIHUHQW IURP
9J$ DQG % DQG WKDW QXFOHRWLGH LGHQWLW\ ZDV
KLJKHU WKDQ DPLQR DFLG LGHQWLW\ VXJJHVWLQJ WKH
SUHVHQFH RI PRUH DPLQR DFLG VXEVWLWXWLRQV 7DEOH

The vitellogenin genes of eight other
mosquito species
7KH YLWHOORJHQLQ JHQHV RI HLJKW RWKHU PRVTXLWRHV
ZHUH DOVR H[DPLQHG 7DEOH  SURYLGHV LQIRUPDWLRQ
DERXW WKH UHODWLRQVKLSV EHWZHHQ WKHVH
PRVTXLWRHV $SSHQGL[  VKRZV WKH GHGXFHG DPLQR
DFLG VHTXHQFH DOLJQPHQW RI WKHVH JHQHV 7ZR
LQFRPSOHWH VHTXHQFHV FRGLQJ IRU YLWHOORJHQLQ
JHQHV RUWKRORJRXV WR Ae. aegypti 9J% DQG 9J&
ZHUH FORQHG IURP WKH DXWRJHQRXV Oc. atropalpus
PRVTXLWR 6FUHHQLQJ WKH Cx. quinquefasciatus
OLEUDU\ UHVXOWHG LQ WKH FORQLQJ RI WZR GLIIHUHQW
PHPEHUV RI WKH YLWHOORJHQLQ JHQH IDPLO\ WKDW
DSSHDU WR EH RUWKRORJRXV WR 9J& RI Ae. aegypti
DQG ZHUH GHVLJQDWHG DV 9J& DQG 9J& 7KH
9J& FORQH FRQWDLQV D FRPSOHWH FRGLQJ VHTXHQFH
RI WKH JHQH ZKHUHDV WKH 9J& FORQH KDV DOO RI WKH
PROHFXODU VLJQDWXUHV RI D YLWHOORJHQLQ JHQH EXW QR
IUDPH VKLIWV DQG VWRS FRGRQV DUH SUHVHQW
+RZHYHU WKLV JHQH LV WUXQFDWHG LQ VXFK D ZD\ WKDW
 DPLQR DFLG UHVLGXHV DW WKH 1WHUPLQDO DUH
PLVVLQJ IURP WKH FRGLQJ UHJLRQ 3DUWLDO VHTXHQFHV
FRGLQJ IRU WKH 1WHUPLQDO UHJLRQ RI YLWHOORJHQLQ
JHQHV IURP WKUHH DQDXWRJHQRXV PRVTXLWRHV Ae.
polynesiensis RUWKRORJRXV WR Ae. aegypti 9J$
9J% DQG 9J& Ae. albopictus RUWKRORJRXV WR
Ae. aegypti 9J$ DQG 9J& and Oc. triseriatus
RUWKRORJRXV WR Ae aegypti 9J& ZHUH DOVR
VHTXHQFHG$SSHQGL[
,QWHQVLYH VFUHHQLQJ RI An. albimanus DQG Tx.
amboinensis OLEUDULHV UHVXOWHG LQ WKH LVRODWLRQ RI D
VLQJOH YLWHOORJHQLQ JHQH IRU HDFK RI WKHVH VSHFLHV
6XEVHTXHQW VFUHHQLQJ RI ERWK OLEUDULHV ZLWK
KRPRORJRXV SUREHV GLG QRW \LHOG DGGLWLRQDO
PHPEHUV RI YLWHOORJHQLQ JHQHV RI HLWKHU VSHFLHV
7KH YLWHOORJHQLQ JHQHV VHTXHQFHG IURP An.
albimanus DQG Tx. amboinensis DSSHDU WR EH
RUWKRORJRXV WR Ae. aegypti 9J& $SSHQGL[  )RU
H[DPSOH QR GXSOLFDWHG LPSHUIHFW UHSHDWV ZHUH
IRXQG EHWZHHQ 9J& RI Ae. aegypti DQG WKH
YLWHOORJHQLQ JHQHV IURP An. albimanus DQG Tx.
amboinensis $OVR WKH DOLJQPHQWV VKRZ WKDW WKHUH
DUH VHYHUDO VWUHWFKHV RI DPLQR DFLG GHOHWLRQV DQG
LQVHUWLRQV LQ LGHQWLFDO SRVLWLRQV LQ 9J& RI Ae.
aegypti DQG WKH YLWHOORJHQLQ JHQHV LQ An.
albimanus DQG Tx. amboinensis WKDW DUH QRW
SUHVHQW LQ 9J$ DQG 9J% RI Ae. aegypti
VXJJHVWLQJ WKDW WKH Ae. aegypti 9J& DQG WKH
YLWHOORJHQLQ JHQH FORQHG IURP WKHVH WZR VSHFLHV
SUREDEO\ VKDUHG D UHFHQW FRPPRQ DQFHVWRU DQG
WKDW 9J$ DQG 9J% RI Ae. aegypti DUH GLVWDQWO\
UHODWHG WR WKHP &RPSDULVRQ RI WKH LQFRPSOHWH
SDLUZLVH VHTXHQFH GLYHUJHQFH RI 9J& JHQHV
RUWKRORJRXV WR 9J& RI Ae. aegypti VKRZV WKDW





1 Ae. aegypti C      
2 Oc. atropalpus C      
3 Cx. quinquefasciatus C1      
4 Cx. quinquefasciatus C2      
5 Tx. amboinensis C      
6 An. albimanus C      
$PLQR DFLG DQG QXFOHRWLGH VHTXHQFH LGHQWLW\ DUH VKRZQ DERYH DQG EHORZ WKH
GLDJRQDOUHVSHFWLYHO\
Amino acid composition of vitellogenin
proteins
7KHUH DUH QR GUDPDWLF GLIIHUHQFHV LQ WKH DPLQR
DFLG FRPSRVLWLRQ EHWZHHQ WKH PRVTXLWR
YLWHOORJHQLQV 7DEOH  7KUHH SRO\VHULQH UHJLRQV
DUH SUHVHQW $SSHQGL[  0RVW DUH ULFK LQ
W\URVLQH < DQG SKHQ\ODODQLQH ) KRZHYHU
9J& DQG 9J& RI Cx. quinquefasciatus KDYH D
ORZHU QXPEHU RI WKHVH WZR DPLQR DFLGV FRPSDUHG
WR WKH RWKHU PRVTXLWRHV 7DEOH  7KH UHGXFWLRQ
LV PRUH SURPLQHQW LQ WKH WUXQFDWHG JHQH 9J&
WKDQ LQ 9J& $ UHGXFWLRQ LQ WKH QXPEHU RI
VHULQH UHVLGXHV LQ An. albimanus 9J& E\ DERXW
 LV DOVR DSSDUHQW 7KH GHGXFHG DPLQR DFLG
FRPSRVLWLRQ RI YLWHOORJHQLQ SURWHLQV IURP RWKHU
LQVHFWV LV DOVR VKRZQ LQ 7DEOH  ,QWHUHVWLQJO\
QRQH RI WKH YLWHOORJHQLQ SURWHLQV RI RWKHU LQVHFWV
KDYH D KLJK FRQWHQW RI W\URVLQH DQG
SKHQ\ODODQLQH
Ae. aegypti YLWHOORJHQLQ SURWHLQV VKRZ D ELDVHG
DPLQR DFLG FRPSRVLWLRQ FRPSDUHG WR  RWKHU
Ae. aegypti SURWHLQV DYDLODEOH IURP WKH *HQ%DQN
GDWDEDVH 7DEOH  ,Q JHQHUDO WKH DURPDWLF
DPLQR DFLGV W\URVLQH DQG SKHQ\ODODQLQH WKDW DUH
ULFK LQ PRVW PRVTXLWR YLWHOORJHQLQ SURWHLQV
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$ VXEVWLWXWLRQDO FRPSDULVRQ RI 9J$ DQG 9J% RI
Ae. aegypti VKRZHG WKDW DPRQJ  DPLQR DFLG
FKDQJHV WKH PDMRULW\  UHVXOWHG LQ
FRQVHUYHGPRGHUDWHO\ FRQVHUYHG VXEVWLWXWLRQV
7DEOH  0RGHUDWHO\ UDGLFDO DQG UDGLFDO DPLQR
DFLG VXEVWLWXWLRQV  ZHUH GLVWULEXWHG
WKURXJKRXW WKH VHTXHQFHV 1RQV\QRQ\PRXV
DPLQR DFLG VXEVWLWXWLRQV ZHUH DEVHQW IURP D 
DPLQR DFLG VHTXHQFH RI 9J$ DQG 9J% UHVLGXHV
a LQ )LJXUH  VXJJHVWLQJ WKH DFWLRQ RI
VHOHFWLYH FRQVWUDLQWV LQ WKLV UHJLRQ $
VXEVWLWXWLRQDO FRPSDULVRQ RI 9J$ DQG 9J% WR
9J& DOVR VKRZHG WKDW PRVW DPLQR DFLG FKDQJHV
ZHUH GXH WR FRQVHUYHG DQG PRGHUDWHO\ FRQVHUYHG
FKDQJHV LQ DPLQR DFLG SURSHUWLHV 7DEOH 
+RZHYHU WKH QXPEHU RI DPLQR DFLG VXEVWLWXWLRQV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9ROXPH_$UWLFOH Figure 3'LVWULEXWLRQRIWKHFRPSRVLWLRQDOSHUFHQWDJHRISKHQ\ODODQLQHDQGW\URVLQHDURPDWLFDPLQRDFLG
UHVLGXHVRI Aedes aegypti SURWHLQV7KHORFDWLRQRIWKHYLWHOORJHQLQVDQGKH[DPHULQSURWHLQVRI Ae. aegypti DUH
VKRZQ*RUGDG]HHWDO
LQFUHDVHG GUDPDWLFDOO\ IURP  DPLQR DFLG
FKDQJHV LQ 9J$ DQG 9J% )LJXUH D WR DQ
DYHUDJH RI  FKDQJHV LQ 9J& LQGLFDWLQJ WKDW
9J& LV VLJQLILFDQWO\ GLIIHUHQW IURP 9J$ DQG
9J% )LJXUH E F 9J& VKRZHG UDGLFDO DQG
PRGHUDWHO\ UDGLFDO DPLQR DFLG VXEVWLWXWLRQV
GLVWULEXWHG WKURXJKRXW WKH SURWHLQ H[FHSW LQ WKH
OHDVW FRQVHUYHG UHJLRQ a ZKHUH D ODUJH
QXPEHU RI WKHVH DPLQR DFLG FKDQJHV ZHUH
SUHVHQW VXJJHVWLQJ WKDW WKLV UHJLRQ LV OHVV
FRQVWUDLQHG)LJXUHEF
7KH H[WHQW RI QRQV\QRQ\PRXV VXEVWLWXWLRQV ZDV
DOVR H[DPLQHG EHWZHHQ WKH 9J& RUWKRORJV RI
GLIIHUHQW PRVTXLWR VSHFLHV $V VKRZQ LQ 7DEOH 
PRVW QRQV\QRQ\PRXV VXEVWLWXWLRQV UHVXOWHG IURP
FRQVHUYHG DQG PRGHUDWHO\ FRQVHUYHG
VXEVWLWXWLRQV DYHUDJH RI  DQG 
UHVSHFWLYHO\ 2QO\ DQ DYHUDJH RI  RI FKDQJHV
ZHUH GXH WR UDGLFDO DPLQR DFLG VXEVWLWXWLRQV
VXJJHVWLQJ WKDW GUDPDWLF FKDQJHV LQ DPLQR DFLG
SURSHUWLHV LQ PRVW SRVLWLRQV FRXOG EH GHWULPHQWDO
WR WKH IXQFWLRQ RI WKH YLWHOORJHQLQ SURWHLQV $Q
DQDO\VLV RI LQWUDJHQLF SRVLWLRQV RI
QRQV\QRQ\PRXV VXEVWLWXWLRQV VKRZV WKDW PRVW
UDGLFDO DQG PRGHUDWHO\ UDGLFDO FKDQJHV DSSHDU WR
EHUDQGRPO\GLVWULEXWHG
Synonymous codon usage
6\QRQ\PRXV FRGRQ XVDJH ELDV ZDV H[DPLQHG LQ
YLWHOORJHQLQ JHQHV IURP LQVHFWV DQG RWKHU
RUJDQLVPV 7DEOH  E\ GHWHUPLQLQJ WKH HIIHFWLYH
QXPEHU RI FRGRQV (1& 9LWHOORJHQLQ JHQHV RI
PRVTXLWRHV KDYH D FRGRQ ELDV WKDW UDQJHG IURP
(1&  An. albimanus) WR  Tx.
amboinensis) 2WKHU LQVHFW YLWHOORJHQLQ DQG \RON
SURWHLQ JHQHV DOVR KDYH D ZLGH UDQJH RI FRGRQ
XVDJH ELDV YDU\LQJ IURP D. melanogaster \RON
SURWHLQ  (1&  WR S. cynthia ricini (1&
 ZLWK YDU\LQJ *& FRQWHQW DW WKH WKLUG FRGRQ
SRVLWLRQ9LWHOORJHQLQJHQHVIURPDQLPDOVRWKHU
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9ROXPH_$UWLFOH Figure 4 (Part 1)'HJUHHRIQRQV\QRQ\PRXVVXEVWLWXWLRQVLQSDLUZLVHFRPSDULVRQRIWKH Aedes aegypti
YLWHOORJHQLQJHQHVD9J$DQG9J%E9J$DQG9J%DQGF9J%DQG9J&7KHPHDQLQJRIWKHEDUVLV
LQGLFDWHGDERYHWKHILJXUH
WKDQ LQVHFWV DOVR VKRZ YDU\LQJ GHJUHHV RI FRGRQ
XVDJHELDV7KHLQWUDJHQLFSRVLWLRQRIV\QRQ\PRXV
FRGRQ XVDJH WKURXJKRXW WKH HQWLUH FRGLQJ UHJLRQ
RI WKH YLWHOORJHQLQ JHQHV ZDV H[DPLQHG $ ELDV IRU
FRGRQ XVDJH ZDV REVHUYHG LQ WKH UHJLRQ HQFRGLQJ
WKH VLJQDO SHSWLGH RI Ae. aegypti )LJXUH  DQG
DOO RI WKH RWKHU PRVTXLWR YLWHOORJHQLQ JHQHV ,Q
WKLV UHJLRQ ZKLFK LQFOXGHV ± FRGRQV
H[FOXGLQJ WKH ILUVW PHWKLRQLQH D KLJK QXPEHU RI
UDUHO\ XVHG V\QRQ\PRXV FRGRQV ZHUH SUHVHQW
1RQH RI WKH RWKHU QRQPRVTXLWR YLWHOORJHQLQ
JHQHV VKRZQ LQ 7DEOH  KDG D FOXVWHU RI UDUH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9ROXPH_$UWLFOH Figure 4 (Part 2)'HJUHHRIQRQV\QRQ\PRXVVXEVWLWXWLRQVLQSDLUZLVHFRPSDULVRQRIWKH Aedes aegypti
YLWHOORJHQLQJHQHVD9J$DQG9J%E9J$DQG9J%DQGF9J%DQG9J&7KHPHDQLQJRIWKHEDUVLV
LQGLFDWHGDERYHWKHILJXUH
V\QRQ\PRXV FRGRQV LQ WKH VLJQDO SHSWLGH UHJLRQ
H[FHSW IRU WKH 1WHUPLQDO UHJLRQ RI C. elegans
YLW ZKLFK KDV D IHZ UDUH V\QRQ\PRXV FRGRQV
6SHLWKHWDO
%\ ZD\ RI FRPSDULVRQ WKH FRPSOHWH VHTXHQFHV RI
 Ae. aegypti JHQHV ZHUH DQDO\]HG IRU
V\QRQ\PRXV FRGRQ XVDJH ELDV 7DEOH  7KH
YLWHOORJHQLQ JHQHV VKRZHG D SDWWHUQ RI FRGRQ
XVDJH WKDW LV DPRQJ WKH PRVW KLJKO\ ELDVHG RI DOO
NQRZQ FRPSOHWH Ae. aegypti JHQHV EDVHG RQ (1&
$ SRVLWLYH FRUUHODWLRQ U    ZDV IRXQG
EHWZHHQ *& FRQWHQW DQG WKH GHJUHH RI
V\QRQ\PRXV FRGRQ XVDJH ELDV PHDVXUHG E\ (1&
Table 7'HJUHHRIQRQV\QRQ\PRXVVXEVWLWXWLRQVEHWZHHQPRVTXLWRYLWHOORJHQLQJHQHV
Nonsynonymous substitutions









Comparisons between Ae. aegypti genes
Ae. aegypti 9J$ YV Ae. aegypti 9J%       
Ae. aegypti 9J$ YV Ae. aegypti 9J&       
Ae. aegypti 9J% YV Ae. aegypti 9J&       
Comparisons between mosquito Vg-C genes
Ae. aegypti YV Ae. atropalpus       
Ae. aegypti YV Cx. quinquefasciatus 1       
Ae. aegypti YV Cx. quinquefasciatus 2       
Ae. aegypti YV Tx. amboinensis       
Ae. aegypti YV An. albimanus       
Ae. atropalpus YV Cx. quinquefasciatus 1       
Ae. atropalpus YV Cx. quinquefasciatus 2      
Ae. atropalpus YV Tx. amboinensis       
Ae. atropalpus YV An. albimanus       
Cx. quinquefasciatus 1 YV Cx. quinquefasciatus 2       
Cx. quinquefasciatus 1 YV Tx. amboinensis       
Cx. quinquefasciatus 1 YV An. albimanus       
Cx. quinquefasciatus 2 YV Tx. amboinensis       
Cx. quinquefasciatus 2 YV An. albimanus       
Tx. amboinensis YV An. albimanus       




-RXUQDORI,QVHFW6FLHQFH9ROXPH_$UWLFOH Figure 52EVHUYHGIUHTXHQF\RIWKHILUVWFRGRQVLQWKH Aedes aegypti YLWHOORJHQLQJHQHVH[FOXGLQJWKHILUVW
LQLWLDWRUPHWKLRQLQH*UHHQEDUVVKRZWKHFRGRQVRIWKHVLJQDOSHSWLGHWKHILUVW±DPLQRDFLGVH[FOXGLQJWKH
ILUVWPHWKLRQLQH6KRUWEDUVLQGLFDWHUDUHFRGRQV
Figure 6&RUUHODWLRQRIV\QRQ\PRXVFRGRQXVDJHLQ Aedes aegypti JHQHV(1& HIIHFWLYHQXPEHURIFRGRQV




Organisms Order Family # Accession ENC GC3s GC% # AA
Anopheles albimanus Vg-C 'LSWHUD &XOLFLGDH $<    
Caenorhabditis elegans YLW 1HPDWRGD 5KDEGLWLGDH ;    
Drosophila melanogaster <3 'LSWHUD 'URVRSKLOLGDH 9    
Drosophila melanogaster <3 'LSWHUD 'URVRSKLOLGDH 0    
Drosophila melanogaster <3 'LSWHUD 'URVRSKLOLGDH $<    
Athalia roase +\PHQRSWHUD 7HQWKUHGLQLGDH $%    
Anopheles gambiae 'LSWHUD &XOLFLGDH $)    
Culex quinquefasciatus Vg-C1 'LSWHUD &XOLFLGDH $<    
Aedes aegypti 9J$ 'LSWHUD &XOLFLGDH /    
Aedes aegypti 9J% 'LSWHUD &XOLFLGDH $<    
Pimpla nipponica +\PHQRSWHUD ,FKQHXPRQLGDH $)    
Culex quinquefasciatus Vg-C2 'LSWHUD &XOLFLGDH $<    
Ichthyomyzon unicuspus 9HUWHEUDWD 3HWURP\]RQWLGDH 0    
Aedes aegypti 9J& 'LSWHUD &XOLFLGDH $<    
Ochlerotatus atropalpus Vg-B 'LSWHUD &XOLFLGDH $<    
Ochlerotatus atropalpus Vg-C 'LSWHUD &XOLFLGDH $<    
Anthonomus grandis &ROHRSWHUD &XUFXOLRQLGDH 0    
Fundulus heteroclitus 9*7 9HUWHEUDWD )XQGXOLGDH 8    
Apis mellifera +\PHQRSWHUD $SLGDH $-    
Graptopsaltria nigrofuscata +HPLSWHUD &LFDGLGDH $%    
Riprotus clavatus +HPLSWHUD $O\GLGDH 8    
Toxorhynchites amboinensis Vg-C 'LSWHUD &XOLFLGDH $<    
Gallus gallus 9HUWHEUDWD 3KDVLDQLGDH '    
Plautia stali 9J +HPLSWHUD 3HQWDWRPLGDH $%    
Leucophaea maderae 'LFW\RSWHUD %ODEHULGDH $%    
Fundulus heteroclitus 97* 9HUWHEUDWD )XQGXOLGDH 8    
Blattella germanica 'LFW\RSWHUD %ODWWHOOLGDH $-    
Plautia stali 9J +HPLSWHUD 3HQWDWRPLGDH $%    
Plautia stali 9J +HPLSWHUD 3HQWDWRPLGDH $%    
Lymantria dispar /HSLGRSWHUD /\PDQWULLGDH 8    
Periplaneta americana 9J 'LFW\RSWHUD %ODWWLGDH $%    
Antheraea yamamai /HSLGRSWHUD 6DWXUQLLGDH $%    
Periplaneta americana 9J 'LFW\RSWHUD %ODWWLGDH $%    
Antheraea pernyi /HSLGRSWHUD 6DWXUQLLGDH $%    
Bombyx mori /HSLGRSWHUD %RPE\FLGDH '    





)LJXUH  7KXV WKH V\QRQ\PRXV FRGRQ XVDJH
ELDV RI YLWHOORJHQLQV SUREDEO\ UHIOHFWV WKH ELDVHG
*& +LJKO\ H[SUHVVHG SURWHLQV LQ JHQHUDO KDYH
KLJKHU VHOHFWLYH FRQVWUDLQWV RQ V\QRQ\PRXV FRGRQ
FKRLFHV IRU WUDQVODWLRQDO HIILFLHQF\ DQGRU
DFFXUDF\ )RU H[DPSOH PRVW RI WKH KLJKO\
H[SUHVVHG ULERVRPDO JHQHV RI An. gambiae DOVR
VKRZ D KLJK V\QRQ\PRXV FRGRQ XVDJH ELDV ZLWK D
ELDVHG*&U  7DEOH DQG )LJXUH
7KH SDWWHUQ RI V\QRQ\PRXV FRGRQ XVDJH LV DOVR RI
LQWHUHVW 6LQFH WKH RYHUDOO V\QRQ\PRXV FRGRQ
XVDJH SURYLGHV OHVV LQIRUPDWLYH GDWD 7DEOH 
LQFOXGHV JHQH SURGXFWV ZLWK YDULRXV H[SUHVVLRQ
OHYHOV 3UHIHUUHG DQG UDUH FRGRQV ZHUH
GHWHUPLQHG IURP WKH WRS  RI DOO JHQHV EDVHG
RQ (1& DQG YLWHOORJHQLQ JHQHV DVVXPLQJ WKDW
WKHVH JHQH SURGXFWV DUH KLJKO\ H[SUHVVHG $PLQR
DFLGV VXFK DV DVSDUDJLQH O\VLQH JOXWDPLQH
SKHQ\ODODQLQH DQG W\URVLQH DUH SUHIHUHQWLDOO\
HQFRGHG E\ RQH FRGRQ DQG QRW E\ RWKHU
V\QRQ\PRXV FRGRQV *HQHV WKDW XVH V\QRQ\QRXV
FRGRQV PRUH HTXDOO\ KDYH KLJK (1& DUH
SUREDEO\ XQGHU ZHDN WUDQVODWLRQDO VHOHFWLYH
FRQVWUDLQWV DV WKRVH JHQH SURGXFWV PD\ QRW EH
KLJKO\ H[SUHVVHG 6\QRQ\PRXV FRGRQ XVDJH LQ An.
gambiae ULERVRPDO JHQHV (1&   ZDV DOVR
H[DPLQHG 7DEOH  $Q DQDO\VLV RI LQWHUVSHFLILF
V\QRQ\PRXV FRGRQ FKRLFH LQ YLWHOORJHQLQV DQG
ULERVRPDO SURWHLQV UHYHDOHG WKDW ZKHQ ELDV LV
SUHVHQW PRVW RI WKH SUHIHUHQWLDO FRGRQV ZHUH
FRQVHUYHG H[FHSW IRU JOXWDPLF DFLG An. gambiae
ULERVRPDO JHQHV SUHIHUHQWLDOO\ XVH *$* RYHU
*$$ DQG Ae. aegypti YLWHOORJHQLQ JHQHV
SUHIHUHQWLDOO\ XVH *$$ RYHU *$* ([WUHPHO\
UDUHO\ XVHG V\QRQ\PRXV FRGRQV VXFK DV 77$
OHXFLQH &7$ OHXFLQH $7$ LVROHXFLQH ***
JO\FLQH DUH DOVR HYROXWLRQDU\ FRQVHUYHG
VXJJHVWLQJ WKDW WKH XVDJH RI WKHVH FRGRQV PD\ EH
GLVDGYDQWDJHRXV WR WKH WUDQVODWLRQDO UDWH RI KLJKO\
H[SUHVVHGSURWHLQV
7KH SDWWHUQV RI V\QRQ\PRXV FRGRQ XVDJH LQ WKH
DXWRJHQRXV DQG DQDXWRJHQRXV PRVTXLWR
YLWHOORJHQLQ JHQHV ZHUH DOVR H[DPLQHG 7DEOH )
$OO DQDXWRJHQRXV PRVTXLWR YLWHOORJHQLQ JHQHV
An. albimanus, Ae. aegypti DQG Cx.
quinquefaciatus VKRZQ LQ UHG LQ 7DEOH 
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9ROXPH_$UWLFOH Table 96\QRQ\PRXVFRGRQXVDJHELDVRI Aedes aegypti JHQHVQRWLQFOXGLQJPLWRFKRQGULDOJHQHV2UDQJH 
WRS%OXH ORZHU
Genes Accession # ENC GC3 (%) GC (%) # AA
5LERVRPDOSURWHLQ6 $<    
6WHUROFDUULHUSURWHLQYDULDQW $)    
6WHUROFDUULHUSURWHLQYDULDQW $)    
5LERVRPDOSURWHLQ6 $<    
3XWDWLYHFDOUHWLFXOLQ $)    
7KLRUHGR[LQ $)    
(ORQJDWLRQIDFWRU $<    
(QKDQFHURIUXGLPHQWDU\ 8    
3HUR[LGDVH $)    
5LERVRPDOSURWHLQ6 $)    
$FWLQ 8    
9DFXRODU$73DVH%VXEXQLW $)    
9DFXRODU$73DVH&VXEXQLW $)    
5LERVRPDOSURWHLQ/ $)    
9LWHOOLQHPHPEUDQHD 8    
9DFXRODU$73DVH$VXEXQLW $)    
&\VWKLRUHGR[LQSHUR[LGDVH $)    
+H[DPHULQDOSKD 8    
7DNHRXW $)    
)HUULWLQVXEXQLW /    
9LWHOORJHQLQ9J$ /    
9LWHOORJHQLQ9J% $<    
9LWHOORJHQLQ9J& $<    
9LWHOOLQHPHPEUDQHD 8    
8ELTXLWLQDPLQRDFLGIXVLRQSURWHLQ $)    
(FG\VWHURLGUHFHSWRU 8    
,QVXOLQUHFHSWRU 8    
+H[DPHULQJDPPD 8    
'RSDFKURPHFRQYHUVLRQHQ]\PH $<    
&DWKHSVLQ%OLNHWKLROSURWHDVH /    
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UHYHDOHG D KLJK V\QRQ\PRXV FRGRQ XVDJH ELDV
SUHIHUHQWLDOO\ XVLQJ RQH RU WZR V\QRQ\PRXV
FRGRQV RYHU RWKHUV )RU H[DPSOH DPLQR DFLGV
VXFK DV DVSDUDJLQH O\VLQH JOXWDPLQH
SKHQ\ODODQLQH DQG W\URVLQH DUH DOPRVW H[FOXVLYHO\
HQFRGHG E\ RQH V\QRQ\PRXV FRGRQ DQG QRW E\
RWKHU V\QRQ\PRXV FRGRQV $Q DQDO\VLV RI
LQWHUVSHFLILF FRGRQ FKRLFH LQ DQDXWRJHQRXV
PRVTXLWR YLWHOORJHQLQ JHQHV UHYHDOHG WKDW ZKHQ
ELDV LV SUHVHQW PRVW RI WKH SUHIHUHQWLDO FRGRQV
ZHUH FRQVHUYHG LQ DOO WKUHH VSHFLHV 7KH H[FHSWLRQ
LV JOXWDPLF DFLG ZKHUH An. albimanus 9J&
SUHIHUHQWLDOO\ XVHV *$* RYHU *$$ DQG DOO WKUHH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9ROXPH_$UWLFOH Table 106\QRQ\PRXVFRGRQXVDJHELDVIRU Anopheles gambiae ULERVRPDOSURWHLQJHQHV
Ribosomal Proteins Accession # ENC GC3 (%) GC (%) AA length
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2UGHUHGE\LQFUHDVLQJ(1&YDOXH
*UHHQVKDGLQJ WKHKLJKO\ELDVHG Anopheles gambiae ULERVRPDOSURWHLQVVKRZQLQ7DEOH
YLWHOORJHQLQ JHQHV LQ Ae. aegypti XVH *$$ RYHU
*$*
,Q FRQWUDVW YLWHOORJHQLQ JHQHV IURP DXWRJHQRXV
PRVTXLWRHVOc. atropalpus DQG Tx. amboinesis
VKRZQ LQ EOXH LQ 7DEOH  VKRZHG D UHODWLYHO\ ORZ
V\QRQ\PRXV FRGRQ XVDJH ELDV Tx. amboinensis
9J& DQG 9J% DQG 9J& RI Oc. atropalpus,
VKRZHG WKH ORZHVW ELDV DPRQJ DOO PRVTXLWR
YLWHOORJHQLQ JHQHV H[DPLQHG 7KH DYHUDJH (1& IRU
WKH WZR DXWRJHQRXV VSHFLHV ZDV  DQG IRU WKH
WKUHH DQDXWRJHQRXV VSHFLHV ZDV  $ SRVLWLYH
FRUUHODWLRQ ZDV IRXQG EHWZHHQ *& FRQWHQW DQG
WKH GHJUHH RI V\QRQ\PRXV FRGRQ XVDJH ELDV
PHDVXUHG E\ (1& )LJXUH  7KXV WKH KLJKHVW
V\QRQ\PRXV FRGRQ XVDJH ELDV RI An. albimanus
9J& SUREDEO\ UHIOHFWV WKH ELDVHG *&V 
&RPSOHWH VHTXHQFHV RI  Ae. aegypti JHQHV
FRGLQJ IRU RWKHU SURWHLQV ZHUH DQDO\]HG IRU
V\QRQ\PRXV FRGRQ XVDJH ELDV 7KH YLWHOORJHQLQ
JHQHV VKRZ D SDWWHUQ RI FRGRQ XVDJH WKDW LV
DPRQJ WKH PRVW KLJKO\ ELDVHG RI DOO NQRZQ
FRPSOHWH Ae. aegypti JHQHV EDVHG RQ (1& )LJXUH

7KH QXFOHRWLGH FRPSRVLWLRQ RI WKH PRVTXLWR
YLWHOORJHQLQ JHQHV ZHUH DOVR H[DPLQHG $ Ƶ WHVW RI
KRPRJHQHLW\ RI EDVH IUHTXHQF\ DFURVV WD[D ZDV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661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9ROXPH_$UWLFOH Figure 77KHFRUUHODWLRQRIV\QRQ\PRXVFRGRQXVDJHELDVDQG*&RI Anopheles gambiae ULERVRPDOJHQHVU  

SHUIRUPHG XVLQJ WKH 3$83
 SURJUDP WR
GHWHUPLQH WKH OHYHO RI ELDV DW HDFK FRGRQ SRVLWLRQ
7KLV DQDO\VLV VKRZHG WKDW WKH EDVH IUHTXHQF\ IRU
WKH ILUVW DQG WKLUG FRGRQ SRVLWLRQV YDULHG
VLJQLILFDQWO\ DFURVV WD[D p   SUREDEO\ GXH
WR GLIIHUHQW FRGRQ XVDJH SUHIHUHQFHV DPRQJ
PRVTXLWRVSHFLHV
Vitellogenin gene expression in Ae.
aegypti
3UHYLRXV VWXGLHV E\ 1RUWKHUQ DQDO\VLV DQG 51$
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9ROXPH_$UWLFOH Table 116\QRQ\PRXVFRGRQXVDJHRI Aedes aegypti JHQHVDQG Anopheles gambiae ULERVRPDOSURWHLQJHQHVQRW
LQFOXGLQJPLWRFKRQGULDOJHQHV
Aedes aegypti Anopheles gambiae
Overall Bottom 15% TOP 15% Vitellogenins Ribosomal protein genes
Codons N (%) RSCU* N (%) RSCU N (%) RSCU N (%) RSCU N (%) RSCU
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56&8 UHODWLYHV\QRQ\PRXVFRGRQXVDJH
FURVVK\EULGL]HG ZLWK DOO PHPEHUV RI WKH
YLWHOORJHQLQ JHQHV GHPRQVWUDWHG WKDW YLWHOORJHQLQ
JHQHV ZHUH H[SUHVVHG RQO\ LQ IDW ERG\
SUHSDUDWLRQV RI EORRGIHG IHPDOH PRVTXLWRHV
5DFFLRSL HW DO  *HPPLOO HW DO  7R
GHWHUPLQH LI DOO WKUHH JHQHV ZHUH H[SUHVVHG DQG
WR FRQILUP WKH VH[DQGVWDJH VSHFLILFLW\ RI WKHLU
H[SUHVVLRQ UHDOWLPH 3&5 ZDV XVHG 7KHVH
H[SHULPHQWV GHPRQVWUDWHG WKDW P51$V IURP
9J$ 9J% DQG 9J& VKRZHG SHDN H[SUHVVLRQ E\
 KRXUV DQG QHJOLJLEOH E\  KRXUV DIWHU D EORRG
PHDO )LJ  ([SUHVVLRQ LQ ZKROH ERG\ H[WUDFWV
RI QRQEORRG IHG IHPDOHV PDOHV ODUYDH DQG SXSDH
RI DOO WKUHH JHQHV RFFXUUHG EXW DW  WR  RUGHUV RI
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
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9ROXPH_$UWLFOH Table 126\QRQ\PRXVFRGRQXVDJHLQDXWRJHQRXVDQGDQDXWRJHQRXVPRVTXLWRYLWHOORJHQLQJHQHV5HG 
DQDXWRJHQRXV%OXH DXWRJHQRXV
Ae. aegypti Oc. atropalpus Cx. quinquefasciatus Tx. amboinensis An. albimanus
Amino Acid Codon Vg-A1 Vg-B Vg-C Vg-Ba Vg-Ca Vg-C1 Vg-C2b Vg-C Vg-C
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&*&         
&*$      
&**      
$UJ $*$      
$**      
*O\ **7         
**&         
**$         
***      
7RWDO         
Ae. atropalpus RI9J%DQG9J&ZHUHQRWGHWHUPLQHG
7KHQWHUPLQDOHQGRIWKH Cx. quinquefasciatus9J&JHQHZDVWUXQFDWHGDPLQRDFLGUHVLGXHV
PDJQLWXGH ORZHU OHYHOV H[SUHVVLRQ RI 9J$ DW 
KRXUV ZDV  RUGHUV 9J% ZDV  RUGHUV DQG 9J&
ZDV  RUGHUV RI PDJQLWXGH KLJKHU WKDQ LQ IDW ERG\
RIQRQEORRGIHGIHPDOHV
Discussion
Sequence analysis of vitellogenin genes in
Ae. aegypti
7R JDLQ D EHWWHU XQGHUVWDQGLQJ RI WKH HYROXWLRQ RI
YLWHOORJHQLQ JHQHV LQ PRVTXLWRHV JHQRPLF '1$
OLEUDULHV ZHUH FRQVWUXFWHG IURP VHYHUDO GLVWDQWO\
UHODWHG PRVTXLWRHV ZLWK GLIIHUHQW UHSURGXFWLYH
VWUDWHJLHV DQG YLWHOORJHQLQ JHQHV ZHUH FORQHG DQG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9ROXPH_$UWLFOH Figure 9'LVWULEXWLRQRI Aedes aegypti JHQHVEDVHGRQV\QRQ\PRXVFRGRQXVDJHELDV(1& HIIHFWLYHQXPEHURI
FRGRQV9J$9J%9J&
VHTXHQFHG IURP WKHP WR FRQGXFW D FRPSDUDWLYH
VHTXHQFHDQDO\VLVRIPRVTXLWRYLWHOORJHQLQJHQHV
)RXU YLWHOORJHQLQ JHQHV RI Ae. aegypti KDG EHHQ
SUHYLRXVO\ FORQHG +DPEOLQ HW DO  DQG RQH
RI WKHP 9J$ ZDV VHTXHQFHG DQG H[WHQVLYHO\
VWXGLHG *HPPLOO HW DO  5DFLRSSL HW DO 
&KHQ HW DO  5RPDQV HW DO  +RZHYHU
WKH FORQHV RI WKH RWKHU JHQHV ZHUH ORVW 7R JDLQ D
EHWWHU XQGHUVWDQGLQJ RI WKH HYROXWLRQ RI WKHVH
JHQHV JHQRPLF '1$ OLEUDULHV ZHUH VFUHHQHG
)RXU YLWHOORJHQLQ JHQHV 9J$ 9J$ 9J% DQG
9J& ZHUH DJDLQ FORQHG 9J$ 9J% DQG 9J&
ZHUH VHTXHQFHG DQG D FRPSDUDWLYH VHTXHQFH
DQDO\VLV ZDV FRQGXFWHG 6HTXHQFH DQDO\VHV RI
9J$ DQG 9J$ VKRZHG WKDW WKH\ DUH SRVVLEO\
DOOHOLF WR HDFK RWKHU 9J$ DQG 9J% DUH FORVHO\
UHODWHG DQG SRVVLEO\ DURVH E\ D UHFHQW JHQH
Figure 10([SUHVVLRQRI Aedes aegypti YLWHOORJHQLQJHQHVP51$OHYHOVZHUHPHDVXUHGE\UHDOWLPH3&5
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9ROXPH_$UWLFOH GXSOLFDWLRQ HYHQW DQG 9J& LV GLVWDQWO\ UHODWHG WR
9J$ DQG 9J% OLQHDJH DQG SRVVLEO\ DURVH E\ DQ
HDUOLHUJHQHGXSOLFDWLRQHYHQW
9J% DQG 9J& ZHUH UHODWLYHO\ FRQVHUYHG LQ OHQJWK
ZLWK PLQRU LQVHUWLRQV DQG GHOHWLRQV RI DPLQR
DFLGV HVSHFLDOO\ ZLWKLQ WKH SRO\VHULQH UHJLRQV
UHODWLYH WR 9J$ 0ROHFXODU VLJQDWXUHV SUHYLRXVO\
FKDUDFWHUL]HG LQ 9J$ ZHUH DOO SUHVHQW DQG
FRQVHUYHG 7KHVH LQFOXGH WZR VKRUW LQWURQV WZR
SRO\VHULQH UHJLRQV KLJKO\ FRQVHUYHG F\VWHLQH
DPLQR DFLG UHVLGXHV DQG D FOHDYDJH VLWH EHWZHHQ
WKH WZR YLWHOORJHQLQ VXEXQLWV 7KH YLWHOORJHQLQV
DUH SRVWUDQVODWLRQDOO\ FOHDYHG LQ WKH IDW ERG\ LQWR
WZR VPDOO DQG ODUJH VXEXQLWV 5RPDQV HW DO 
)LJXUH  E\ D YLWHOORJHQLQ FRQYHUWDVH &KHQ DQG
5DLNKHO  7KH SUHGLFWHG FOHDYDJH VHTXHQFH
5;55 +DJHGRUQ HW DO  6DSSLQJWRQ DQG
5DLNKHO  ZDV SUHVHQW LQ DOO WKUHH
YLWHOORJHQLQV 7KH SRVLWLRQ RI F\VWHLQH UHVLGXHV DUH
DOVR ZHOO FRQVHUYHG 7KHUH DUH  HYROXWLRQDULO\
FRQVHUYHG F\VWHLQHV RXW RI WKH  UHVLGXHV LQ
9J$ DQG 9J% DQG RXW RI  LQ 9J& ,Q JHQHUDO
GLVXOILGH ERQGV EHWZHHQ F\VWHLQH DPLQR DFLG
UHVLGXHV VWDELOL]H SURWHLQ VWUXFWXUH :KHQ
YLWHOORJHQLQ SURWHLQ VHTXHQFHV IURP RWKHU LQVHFW
WD[D ZHUH FRPSDUHG WR WKH Ae. aegypti VHTXHQFHV
IRU WKH SRVLWLRQ RI F\VWHLQH UHVLGXHV  SRVLWLRQV
QHDU WKH &WHUPLQDO ZHUH IRXQG WR EH KLJKO\
FRQVHUYHG VXJJHVWLQJ WKDW WKH F\VWHLQHV DW WKHVH
SRVLWLRQV PD\ SOD\ D UROH LQ PDLQWDLQLQJ WKH
VWUXFWXUHRIWKHYLWHOORJHQLQSURWHLQVRILQVHFWV
Sequence analysis of vitellogenin genes in
other mosquitoes
7ZR GLVWLQFW PHPEHUV RI WKH YLWHOORJHQLQ JHQH
IDPLO\ 9J& DQG 9J& ZHUH FORQHG IURP Cx.
quinquefasciatus $ FRPSOHWH FRGLQJ VHTXHQFH
ZDV REWDLQHG IRU 9J& EXW WKH 9J& VHTXHQFH LV
WUXQFDWHG DW WKH 1WHUPLQDO HQG VXFK WKDW 
DPLQR DFLG UHVLGXHV DUH GHOHWHG 7KH QXFOHRWLGH
SRVLWLRQ DW WKH WUXQFDWLRQ GLIIHUV IURP WKH
FRQVHUYHG ILUVW LQWURQ VLWH RI RWKHU PRVTXLWR
JHQHV DQG WKH QXFOHRWLGH VHTXHQFH DW WKH
WUXQFDWLRQ DOVR GLIIHUV IURP WKH 7$* RU &$* WKDW
DUH DOZD\V SUHVHQW LQ WKH 
 LQWURQ VHTXHQFH RI DOO
PRVTXLWR YLWHOORJHQLQV VXJJHVWLQJ WKDW LW LV
XQOLNHO\ WKDW WKH WUXQFDWLRQ LV GXH WR WKH
DFTXLVLWLRQ RI D QHZ LQWURQ VLWH 2WKHU RUJDQLVPV
VXFK DV G. gallus 6LOYD HW DO  DQG C. elegans
6SLHWK HW DO  KDYH SVHXGRJHQHV HQFRGLQJ
QRQIXQFWLRQDO YLWHOORJHQLQV GXH WR VWRS FRGRQV
DQG IUDPH VKLIWV LQ WKH FRGLQJ VHTXHQFHV
+RZHYHU LQ Cx. quinquefasciatus 9J& WKH UHVW
RI WKH FRGLQJ VHTXHQFH KDV QR VWRS FRGRQ RU
IUDPH VKLIW VXJJHVWLQJ WKDW WKH JHQH FRXOG EH VWLOO
DFWLYH 7KH DSSHDUDQFH RI WKH WUXQFDWLRQ FRXOG EH
GXH WR WKH LQVHUWLRQ RI WUDQVSRVDEOH HOHPHQWV WKDW
DUH UHODWLYHO\ DEXQGDQW LQ WKH JHQRPH RI
PRVTXLWRHV 7X  6HTXHQFLQJ WKH XSVWUHDP
UHJLRQ RI WKH WUXQFDWLRQ RI 9J& DQG H[SUHVVLRQ
VWXGLHV HLWKHU E\ D UHYHUVH WUDQVFULSWLRQ FRXSOHG
ZLWK SRO\PHUDVH FKDLQ UHDFWLRQ RU 
 UDSLG
DPSOLILFDWLRQ RI F'1$ HQGV XVLQJ JHQH VSHFLILF
SULPHUV ZRXOG UHYHDO ZKHWKHU Cx.
quinquefasciatus 9J& LV H[SUHVVHG ,I LW LV
LQGHHG H[SUHVVHG LW ZRXOG EH LQWHUHVWLQJ WR
FRPSDUH WKH SDWWHUQ RI H[SUHVVLRQ ZLWK 9J& WKDW
GRHVQRWKDYHDWUXQFDWLRQ
6FUHHQLQJ RI An. albimanus DQG Tx. amboinensis
JHQRPLF OLEUDULHV UHVXOWHG LQ SRVLWLYH FORQHV WKDW
ZHUH DOO 9J& RUWKRORJV EDVHG RQ WKH SUHVHQFH RI
PROHFXODU VLJQDWXUHV 5HVFUHHQLQJ ZLWK 9J&
SUREHV GHULYHG IURP ERWK VSHFLHV DW D ORZ
VWULQJHQF\ GLG QRW LGHQWLI\ RWKHU PHPEHUV RI WKH
YLWHOORJHQLQ JHQH IDPLO\ ,W LV QRW FHUWDLQ ZKHWKHU
WKH 9J$% PHPEHUV EHFDPH SVHXGRJHQHV RU
WKH UDWH RI PXWDWLRQ LQ WKLV OLQHDJH LV VLJQLILFDQWO\
GLIIHUHQW IURP RWKHUV VXFK WKDW VFUHHQLQJ RI WKH
GLVWDQWO\ UHODWHG Cx. quinquefasciatus Tx,
amboinensis, DQG An. albimanus OLEUDULHV IDLOHG
7KLV LV XQOLNH RWKHU RUJDQLVPV VXFK DV X. laevis
*HUPRQG HW DO  C. elegans (6SLHWK HW DO
 D. melanogaster :DKOL  DQG Ae.
aegypti +DPEOLQ HW DO  LQ ZKLFK VHYHUDO
PHPEHUVRIWKHYLWHOORJHQLQJHQHIDPLO\H[LVW
+RZHYHU WKH +\PHQRSWHUD KDYH D VLQJOH
YLWHOORJHQLQ JHQH .DJH\DPD  1RVH 
3LXODFKVHWDO 'RQQHOO
$OO YLWHOORJHQLQ JHQHV ZLWK FRPSOHWH FRGLQJ
VHTXHQFHV FORQHG LQ WKLV VWXG\ ZHUH UHODWLYHO\
FRQVHUYHG LQ OHQJWK ZLWK PLQRU LQVHUWLRQV DQG
GHOHWLRQV RI DPLQR DFLGV HVSHFLDOO\ ZLWKLQ WKH
SRO\VHULQH UHJLRQV UHODWLYH WR WKHLU RUWKRORJV LQ
Ae. aegypti 0ROHFXODU VLJQDWXUHV SUHYLRXVO\
FKDUDFWHUL]HG LQ Ae. aegypti ZHUH DOO SUHVHQW DQG
FRQVHUYHG LQ WKH YLWHOORJHQLQ JHQHV RI WKHVH
PRVTXLWRHV
Amino acid composition
7KH YLWHOORJHQLQ SURWHLQV SURYLGH DPLQR DFLG
EXLOGLQJ EORFNV IRU HPEU\RQLF GHYHORSPHQW DQG
WKHUHIRUH WKH SUHFLVH DPLQR DFLG VHTXHQFH FRXOG
EH RI PLQRU LPSRUWDQFH +RZHYHU WKH
FRPSDUDWLYH VHTXHQFH DQDO\VLV RI YLWHOORJHQLQ
JHQHV VXJJHVWV WKDW D PDMRULW\ RI DPLQR DFLG
VXEVWLWXWLRQV DUH GXH WR FRQVHUYHG DQG
PRGHUDWHO\ FRQVHUYHG FKDQJHV LQ DPLQR DFLG
SK\VLFDOFKHPLFDO SURSHUWLHV $V GHVFULEHG DERYH
WKH SRVLWLRQ RI F\VWHLQH UHVLGXHV LQ DOO YLWHOORJHQLQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9ROXPH_$UWLFOH JHQHV LV KLJKO\ FRQVHUYHG FRQVLVWHQW ZLWK RWKHU
FRPSDUDWLYH VWXGLHV LQFOXGLQJ GLVWDQWO\ GLYHUJHG
RUJDQLVPV :DKOL  %\UQH  7UHZLWW HW DO
 +DJHGRUQ HW DO  VXJJHVWLQJ WKDW WKH
RYHUDOO WHUWLDU\ VWUXFWXUH RI WKH YLWHOORJHQLQ
SURWHLQV LV LPSRUWDQW ,I WKH DPLQR DFLG VHTXHQFH
ZHUH RI PLQRU LPSRUWDQFH WKHUH ZRXOG OLNHO\ EH
ORZ GLVFULPLQDWLRQ EHWZHHQ WKH H[WHQW RI DPLQR
DFLG VXEVWLWXWLRQV DQG WKHLU SK\VLFDO DQG FKHPLFDO
SURSHUWLHV 7DNHQ WRJHWKHU WKH DQDO\VLV RI Ae.
aegypti YLWHOORJHQLQ SURWHLQV VXJJHVW WKDW WKH\ DUH
XQGHU PRGHUDWH VHOHFWLYH FRQVWUDLQWV WR PDLQWDLQ
WHUWLDU\ VWUXFWXUH LQ SDUWV RI WKH PROHFXOH
SDUWLFXODUO\ E\ FRQVHUYHG F\VWHLQH UHVLGXHV 7KLV
FRQFOXVLRQ LV VWURQJO\ VXSSRUWHG E\ WKH DQD\VLV RI
WKH WHUWLDU\ VWUXFWXUH RI /DPSUH\ YLWHOORJHQLQ E\
;UD\ FU\VWDOORJUDSK\ 5DDJ HW DO  6KDUURFN
HW DO  7KRPSVRQ DQG %DQDV]DN 
ZKLFK UHYHDOHG D GLPHU WKDW IRUPHG D SRFNHW WKDW
FRXOG FRQWDLQ OLSLG 7KLV UHJLRQ RI WKH SURWHLQ LV
KLJKO\ FRQVHUYHG LQ WKH YLWHOORJHQLQV +DJHGRUQ
HWDO
$PLQR DFLG FRPSRVLWLRQDO DQDO\VLV RI WKH Ae.
aegypti YLWHOORJHQLQ SURWHLQV UHYHDOHG VSHFLILF
DPLQR DFLG XVDJH $OO PRVTXLWR YLWHOORJHQLQ
SURWHLQV H[FHSW IRU WZR YLWHOORJHQLQV FORQHG IURP
Cx. quinquefasciatus KDYH D KLJKHU FRQWHQW RI WKH
DURPDWLFDPLQRDFLGUHVLGXHVW\URVLQH
DQG SKHQ\ODODQLQH WKDQ YLWHOORJHQLQV RI RWKHU
RUJDQLVPV ,W LV DOVR LQWHUHVWLQJ WKDW WKH DPLQR
DFLG FRPSRVLWLRQ RI DOO FRPSOHWH VHTXHQFHV
DYDLODEOH IRU QRQYLWHOORJHQLQ SURWHLQV RI Ae.
aegypti VKRZV WKDW QRQH RI WKHP H[KLELWV WKH KLJK
FRQWHQW RI DURPDWLF UHVLGXHV VHHQ LQ YLWHOORJHQLQV
H[FHSW IRU WKH KH[DPHULQ VWRUDJH SURWHLQV 7KH
ELRORJLFDO UROHV RI VWRUDJH SURWHLQV KDYH EHHQ
LQYHVWLJDWHG HVSHFLDOO\ LQ VHYHUDO KRORPHWDERORXV
LQVHFWV 7ZR LPSRUWDQW SK\VLRORJLFDO SURFHVVHV
PHWDPRUSKRVLV DQG IHPDOH UHSURGXFWLRQ KDYH
EHHQ VKRZQ WR EH OLQNHG ZLWK WKH XWLOL]DWLRQ RI
KH[DPHULQ VWRUDJH SURWHLQV +DXQHUODQG 
,Q KRORPHWDERORXV LQVHFWV VWRUDJH SURWHLQV
DFFXPXODWH EHIRUH WKH PHWDPRUSKLF PROW RI WKH
ODVW ODUYDO LQVWDU DQG DUH NQRZQ WR SOD\ DQ
LPSRUWDQW UROH LQ DGXOW FXWLFOH IRUPDWLRQ E\
SURYLGLQJ W\URVLQH UHVLGXHV DV SUHFXUVRUV IRU
WDQQLQJ
$ IHPDOHVSHFLILF KH[DPHULQ VWRUDJH SURWHLQ KDV
EHHQ LGHQWLILHG IURP DXWRJHQRXV Oc. atropalpus
PRVTXLWRHV DQG WKLV SURWHLQ LV EHOLHYHG WR
SURYLGH DPLQR DFLG UHVLGXHV IRU YLWHOORJHQLQ
SURWHLQ V\QWKHVLV E\ WKH IDW ERG\ LQ WKH DEVHQFH RI
SURWHLQ IURP D EORRG PHDO :KHHOHU DQG %XFN
 $VVXPLQJ WKDW DXWRJHQRXV PRVTXLWRHV DQG
RWKHU DXWRJHQRXV QHPDWRFHUDQ LQVHFWV VXFK DV
FKDRERULG PLGJHV VKDUH FRPPRQ DQFHVWRUV DV LV
VXJJHVWHG E\ PROHFXODU GDWD 0LOOHU HW DO 
WKHVH DQFHVWRUV PXVW KDYH UHOLHG RQ VWRUDJH
SURWHLQV DFFXPXODWHG IURP WKH ODUYDO VWDJHV IRU
YLWHOORJHQLQ V\QWKHVLV 2QFH PRVTXLWRHV VHFXUHG
WKH DQDXWRJHQRXV PRGH RI UHSURGXFWLRQ WKH
SURWHLQDFHRXV EORRG PHDO ZDV XWLOL]HG IRU
YLWHOORJHQLQ V\QWKHVLV DQG KH[DPHULQ VWRUDJH
SURWHLQV ZHUH QR ORQJHU XWLOL]HG 7KH
HYROXWLRQDULO\ DQG VWUXFWXUDOO\ XQUHODWHG VWRUDJH
SURWHLQV DQG YLWHOORJHQLQV PD\ KDYH D FRPPRQ
ELRORJLFDO UROH LQ SURYLGLQJ SUHFXUVRUV IRU
HPEU\RQLF FXWLFOH IRUPDWLRQ LQ DXWRJHQRXV DQG
DQDXWRJHQRXV PRVTXLWRHV DV VKRZQ LQ WKHLU KLJK
FRQWHQW RI W\URVLQH DQG SKHQ\ODODQLQH DOWKRXJK
WKH YLWHOORJHQLQ JHQHV RI RWKHU LQVHFWV DUH QRW KLJK
LQ WKHVH DURPDWLF DPLQR DFLGV +RZHYHU ZK\ Cx.
quinquefasciatus YLWHOORJHQLQV EUHDN WKH SDWWHUQ
RI KLJK DURPDWLF DPLQR DFLGV LQ PRVTXLWRHV
UHPDLQVDQXQUHVROYHGTXHVWLRQ
Synonymous codon usage
7KH PRVTXLWR YLWHOORJHQLQ JHQHV ZHUH VKRZQ WR
KDYH KLJK V\QRQ\PRXV FRGRQ XVDJH ELDV
SUHIHUHQWLDOO\ XVLQJ RQH RU WZR RSWLPDO
V\QRQ\PRXVFRGRQVRYHURWKHUV7KLVFRGRQELDV
SKHQRPHQRQ LV FRPPRQ WR KLJKO\ H[SUHVVHG
JHQHV LQ RWKHU RUJDQLVPV $V KDV EHHQ VXJJHVWHG
LQ XQLFHOOXODU RUJDQLVPV VXFK DV E. coli DQG S.
cerevisiae VSHFLHVVSHFLILF RSWLPDO FRGRQV KDYH
EHHQ XVHG VHOHFWLYHO\ IRU HIILFLHQW WUDQVODWLRQ
HORQJDWLRQ LQ KLJKO\ H[SUHVVHG JHQHV VLQFH WKH
DEXQGDQFH RI HDFK LVRDFFHSWLQJ W51$ UHIOHFWV WKH
FRUUHVSRQGLQJ RSWLPDO FRGRQ LQ D VSHFLHVVSHFLILF
PDQQHU ,NHPXUD  *RX\ DQG *DXWKLHU 
%HQ]HQH DQG +DOO  7KXV WKH UHVXOWV
REWDLQHG LQ WKLV VWXG\ DUH LQ D JRRG DJUHHPHQW
ZLWK UHVXOWV IURP RWKHU KLJKO\ H[SUHVVHG JHQHV LQ
VXJJHVWLQJ WKDW WKH KLJKO\ H[SUHVVHG YLWHOORJHQLQ
JHQHV DOVR H[KLELW KLJK V\QRQ\PRXV FRGRQ XVDJH
ELDV .XUODQG  ,NHPXUD  7KH *&
FRQWHQW DW WKH WKLUG FRGRQ SRVLWLRQ KDV EHHQ
UHJDUGHG DV RQH RI WKH PDMRU IDFWRUV LQIOXHQFLQJ
V\QRQ\PRXV FRGRQ XVDJH ELDV LQ D. melanogaster
6KLHOGVDWDO 3RZHOODQG0RUL\DPD
7KH VLQJOH YLWHOORJHQLQ JHQH 9J& FORQHG IURP
An. albimanus VKRZV WKH KLJKHVW FRGRQ ELDV
DPRQJ DOO PRVTXLWR YLWHOORJHQLQ JHQHV ZLWK DQ
(1& RI  $PRQJ IRXU RWKHU FRPSOHWH JHQH
VHTXHQFHV DYDLODEOH IURP An. albimanusR Q HR I
WKRVH KHDW VKRFN SURWHLQ  JHQH KVS
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9ROXPH_$UWLFOH DFFHVVLRQ QXPEHU / DOVR H[KLELWV D
VLPLODU GHJUHH RI V\QRQ\PRXV FRGRQ XVDJH ELDV
(1&  ZLWK YHU\ VLPLODU SDWWHUQV RI RSWLPDO
FRGRQ XVDJH 7KH *& FRQWHQW DW WKH WKLUG FRGRQ
SRVLWLRQ KDV EHHQ UHJDUGHG DV RQH RI WKH PDMRU
IDFWRUV LQIOXHQFLQJ V\QRQ\PRXV FRGRQ XVDJH ELDV
LQ D. melanogaster 6KLHOGV DW DO  3RZHOO
DQG 0RUL\DPD  7KLV DOVR DSSHDUV WR EH WKH
FDVH ZLWK WKH PRVTXLWR YLWHOORJHQLQ JHQHV $Q
H[WUHPH FRGRQ XVDJH ELDV ZDV IRXQG LQ WKH
FRGRQV IRU DVSDUDJLQH O\VLQH JOXWDPLQH
SKHQ\ODODQLQH DQG W\URVLQH DPLQR DFLG UHVLGXHV
LQ 9J& ZKHUH RYHU  RI WKHVH DPLQR DFLGV
ZHUH FRGHG E\ D VLQJOH RSWLPDO V\QRQ\PRXV
FRGRQ ZLWK * RU & LQ WKH WKLUG SRVLWLRQ 7KXV WKH
ELDV LQ KLJKO\ H[SUHVVHG An. albimanus 9J& DQG
KHDW VKRFN SURWHLQ  SUREDEO\ UHVXOWHG IURP WKH
ELDVHG *& FRQWHQW DW WKH WKLUG FRGRQ SRVLWLRQ
ZKLFK LV  DQG  UHVSHFWLYHO\ $OWKRXJK
PRUH FRPSOHWH VHTXHQFHV IURP KLJKO\ H[SUHVVHG
JHQHV LQ An. albimanus DUH UHTXLUHG WR GHGXFH
RSWLPDO FRGRQV LQ WKLV VSHFLHV EHFDXVH WKH
DEXQGDQFH RI HDFK W51$ KDV QRW EHHQ
LQYHVWLJDWHG IURP PRVTXLWRHV RWKHU $QRSKHOLQH
VSHFLHV VXFK DV An. gambiae DOVR VKRZ YHU\ KLJK
*& FRQWHQW DW WKH WKLUG FRGRQ SRVLWLRQ %HVDQVN\
 &DFFRQH HW DO  9LWHOORJHQLQ JHQHV RI
RWKHU DQDXWRJHQRXV PRVTXLWRHV Ae. aegypti DQG
Cx. quinquefasciatus DOVR VKRZ KLJK FRGRQ XVDJH
ELDV DQG KLJK *& FRQWHQW DW WKH WKLUG FRGRQ
SRVLWLRQ
+RZHYHU YLWHOORJHQLQ JHQHV RI WZR DXWRJHQRXV
PRVTXLWR VSHFLHV Oc. atropalpus DQG Tx.
amboinensis VKRZ ORZHU FRGRQ XVDJH ELDV DQG
*& FRQWHQW DW WKH WKLUG FRGRQ SRVLWLRQ FRPSDUHG
WR WKRVH RI DQDXWRJHQRXV PRVTXLWRHV 7KH UHDVRQ
IRU WKH ORZ V\QRQ\PRXV FRGRQ XVDJH ELDV RI
YLWHOORJHQLQ JHQHV LQ DXWRJHQRXV PRVTXLWRHV
FRXOG EH WKDW WKH DPRXQW RI YLWHOORJHQLQ
V\QWKHVL]HG LQ WKHVH DXWRJHQRXV PRVTXLWRHV
PLJKW EH VLJQLILFDQWO\ VPDOOHU WKDQ DQDXWRJHQRXV
HJJ SURGXFWLRQ DV VKRZQ LQ ORZHU IHFXQGLW\ RI
IDFXOWDWLYHO\ DXWRJHQRXV PRVTXLWRHV 0DJQDUHOOL
 -RQHV  7KHUHIRUH WKHUH PD\ EH QR
VHOHFWLYH DGYDQWDJH WR DFFXPXODWH RSWLPDO FRGRQV
IRU IDVWHU WUDQVODWLRQ RI YLWHOORJHQLQ P51$ ,Q WKH
FDVH RI Tx. amboinensis, ZKLFK OLYH XS WR  GD\V
ZLWK FRQWLQXRXV RYLSRVLWLRQ /LQOH\ 
7LNDVLQJK DQG 0DUWLQH]  WKH WUDQVODWLRQDO
UDWH RI YLWHOORJHQLQ FRXOG EH PXFK VORZHU 7KXV
WKH YLWHOORJHQLQ JHQHV LQ WKHVH DXWRJHQRXV
PRVTXLWRHV PD\ EH WUDQVODWHG DW D ORZHU UDWH DQG
WKHUHIRUH VKRZ ORZHU V\QRQ\PRXV FRGRQ XVDJH
ELDV
:KHQ WKH LQWUDJHQLF SRVLWLRQ RI UDUHO\ XVHG
V\QRQ\PRXV FRGRQV LQ PRVTXLWR YLWHOORJHQLQ
JHQHV ZDV H[DPLQHG LW ZDV IRXQG WKDW WKHVH
FRGRQV DUH QRW UDQGRPO\ GLVWULEXWHG 7KH
FRQVHUYHG SRVLWLRQ RI DQ H[WUHPHO\ UDUHO\ XVHG
*** V\QRQ\PRXV FRGRQ FRGLQJ IRU D JO\FLQH
UHVLGXH ZDV IRXQG LQ WKH WK SRVLWLRQ ZLWKLQ WKH
VLJQDO SHSWLGH UHJLRQ LQ DOO PRVTXLWR VSHFLHV
H[DPLQHG H[FHSW LQ 9J& RI WKH DXWRJHQRXV
PRVTXLWR Tx. amboinensis YLWHOORJHQLQ JHQH
ZKHUH LW ZDV UHSODFHG E\ D SUHIHUHQWLDO FRGRQ
**$ FRGLQJ IRU WKH VDPH JO\FLQH UHVLGXH :KLOH
WKHUH DUH DERXW  JO\FLQH UHVLGXHV FRGHG E\ WKH
WKUHH RWKHU V\QRQ\PRXV FRGRQV SUHVHQW
WKURXJKRXW WKH SURWHLQ RQO\ RQH RU WZR ***
FRGRQV ZHUH XVHG VKRZLQJ WKDW WKH LVRDFFHSWLQJ
W51$ IRU *** LV YHU\ UDUH LQ PRVTXLWR
YLWHOORJHQLQV 6XEVHTXHQW DQDO\VLV RI LQWUDJHQLF
SRVLWLRQV RI V\QRQ\PRXV FRGRQV RI HDFK PRVTXLWR
YLWHOORJHQLQ JHQH UHYHDOHG WKDW RWKHU UDUHO\ XVHG
V\QRQ\PRXV FRGRQV VXFK DV $$$ $7$ 77$ DQG
&7$ KDYH DFFXPXODWHG LQ WKH VLJQDO SHSWLGHV RI
YLWHOORJHQLQ JHQHV VXJJHVWLQJ WKDW VHOHFWLYH
FRQVWUDLQWV DFW RQ WKLV UHJLRQ WR DFFXPXODWH D
FOXVWHU RI UDUH V\QRQ\PRXV FRGRQV LQ PRVTXLWR
YLWHOORJHQLQ JHQHV $OWKRXJK LW LV QRW FHUWDLQ
ZKHWKHU WKH SUHVHQFH RI D FOXVWHU RI UDUHO\ XVHG
V\QRQ\PRXV FRGRQV LQ WKH VLJQDO SHSWLGH RI
PRVTXLWR YLWHOORJHQLQ JHQHV LV WKH UHVXOW RI
VHOHFWLYH IXQFWLRQDO FRQVWUDLQWV RU RI VLWHVSHFLILF
GLIIHUHQFHV LQ PXWDWLRQDO UDWHV D SRWHQWLDO
VHOHFWLYH PHFKDQLVP WKDW FRXOG H[SODLQ WKH
DFFXPXODWLRQ RI UDUHO\ XVHG V\QRQ\PRXV FRGRQV
DW WKH 1WHUPLQDO UHJLRQ RI PRVTXLWR YLWHOORJHQLQ
JHQHVLVSUHVHQWHGEHORZ
Vitellogenin gene expression in Ae.
aegypti
7KH IDFW WKDW DOO WKUHH PHPEHUV RI WKH YLWHOORJHQLQ
JHQH IDPLO\ LQ Ae. aegypti DUH H[SUHVVHG LQ
QRQEORRGIHG IHPDOHV PDOHV ODUYDH DQG SXSDH
DW WUDFH OHYHOV  WR  RUGHUV RI PDJQLWXGH ORZHU
WKDQ LQ EORRG IHG IHPDOHV VXJJHVWV WKDW
YLWHOORJHQLQ JHQHV PD\ EH FRQVWLWXWLYHO\ H[SUHVVHG
LQ DOO VWDJHV SULRU WR EORRG IHHGLQJ ,I WKHUH DUH QRW
HQRXJK DPLQR DFLGV DYDLODEOH WR VXSSRUW WKH
FRPSOHWLRQ RI RRF\WH PDWXUDWLRQ LW LV
HQHUJHWLFDOO\ GLVDGYDQWDJHRXV IRU IHPDOH
PRVTXLWRHV WR XWLOL]H OLPLWHG UHVRXUFHV WR
V\QWKHVL]H DQ DPRXQW RI YLWHOORJHQLQ SURWHLQV WKDW
ZRXOG EH LQVXIILFLHQW IRU HJJ GHYHORSPHQW 7KXV
LW LV SRVVLEOH WKDW D FOXVWHU RI UDUH V\QRQ\PRXV
FRGRQV KDYH VHOHFWLYHO\ DFFXPXODWHG DW WKH 
 HQG
RI YLWHOORJHQLQ JHQHV LQ DQDXWRJHQRXV PRVTXLWRHV
WR UHJXODWH WKH UDWH RI WUDQVODWLRQ LQLWLDWLRQ WKDW
ZRXOG GRZQUHJXODWH WKH OHYHO RI YLWHOORJHQLQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9ROXPH_$UWLFOH SURWHLQ V\QWKHVLV LQ WKH DEVHQFH RI D EORRG PHDO
2QFH D EORRG PHDO LV DFTXLUHG DQG GLJHVWHG WKHUH
DUH HQRXJK DPLQR DFLG UHVLGXHV DYDLODEOH WR EH
FKDUJHG E\ W51$V LQ ORZHU DEXQGDQFH ,Q
YHUWHEUDWHV DQ HVWURJHQLQGXFHG LQFUHDVH LQ
VSHFLILF W51$ IRU SURWHLQ V\QWKHVLV KDV EHHQ
REVHUYHG )RU H[DPSOH WKH OHYHO RI VSHFLILF VHULQH
LVRDFFHSWLQJ W51$V DUH GLIIHUHQWLDOO\ UHJXODWHG LQ
WKH OLYHU RI WKH FKLFNHQ E\ HVWURJHQ GXULQJ WKH
V\QWKHVLV RI SKRVYLWLQ ZKLFK FRQWDLQV D KLJK
QXPEHU RI SRO\VHULQH UHVLGXHV 0DHQSDD DQG
%HUQILHOG  7KXV E\ H[WHQVLRQ LW LV SRVVLEOH
WKDW HFG\VRQH VWLPXODWHV DQ LQFUHDVH LQ W51$
OHYHOV SDUWLFXODUO\ WKRVH UHTXLUHG WR LQFUHDVH
WUDQVODWLRQ RI UDUH FRGRQV LQ DGGLWLRQ WR LWV UROH
LQ LQGXFLQJ WUDQVFULSWLRQ *LYHQ WKH SUHVHQFH RI
SRO\VHULQH UHJLRQV LQ PRVTXLWRHV D VLPLODU XS
UHJXODWLRQ RI VHULQH W51$ PD\ DOVR RFFXU LQ
UHVSRQVHWRHFG\VRQH
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